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(57) ABSTRACT

An object of the present invention is to provide an organic
light emitting element having a high efficiency and a high
quality in which electron and hole injection efficiency of an
electrode is reproduced in an insulated or contaminated first
electrode. In an organic light emitting display apparatus, a
substrate, a first electrode, an insulation film bank formed so
as to cover edges of the first electrode, a metal thin film
formed on the first electrode and the insulation film bank, an
organic light emitting layer, and a second electrode are dis-
posed in the cited order. A lower part of a side face of the
insulation film bank takes a reverse tapered shape.
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional application of U.S.
application Ser. No. 11/407,061, filed Apr. 20, 2006, the
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an organic light
emitting element and a display apparatus using such an ele-
ment.

[0003] In an active matrix organic light emitting display
apparatus, two to four drive elements including thin film
transistor switching elements and capacitance are connected
to an organic light emitting element which forms each pixel.
Thus, all pixels can be turned on over one frame period. As a
result, it is not necessary to raise the luminance and it
becomes possible to prolong the life of the organic light
emitting element. Therefore, it is considered that the active
matrix organic light emitting display apparatus is advanta-
geous to a larger screen with higher definition.

[0004] On the other hand, in an organic light emitting dis-
play apparatus in which emitted light is taken out from the
back side of a substrate, an aperture ratio is limited provided
that an active matrix having a drive unit between the substrate
and organic light emitting elements is used. Especially in a
large-sized display, there is a problem that it is necessary to
widen the width of a power supply line in order to reduce the
luminance variation between pixels caused by a voltage drop
on the power supply line and the aperture ratio becomes
extremely small.

[0005] An active matrix type organic light emitting display
apparatus having an upper electrode made transparent and a
structure for taking out emitted light from the upper electrode
side, i.e., having a top emission structure is considered to be
effective to solve the problem. In this apparatus, there is no
drive unit on the upper electrode for taking out emitted light,
and consequently the aperture ratio can be improved by leaps
and bounds.

[0006] A technique of forming a thin film layer for hole
injection having a large work function between an anode and
an organic layer in order to improve light emission character-
istics by increasing a hole current in an organic light emitting
element having such a top emission structure is described in
JP-A-2002-198182. A technique of forming an electron
injection layer between a cathode and an organic layer is
described in JP-A-2003-272867.

[0007] FIG. 9 shows a single pixel sectional view of an
organic light emitting element having a top emission struc-
ture. In this organic light emitting element, a first electrode
115 serves as a cathode and a second electrode 125 serves as
an anode. The element has a lamination structure including
the first electrode 115, an electron injection layer 124, an
electron transportation layer 123, a light emission layer 122,
a hole transportation layer 121, a hole injection layer 129, a
second electrode 125 and a protection layer 126.

[0008] The manufacturing process of the element having
the top emission structure will now be studied. The first
electrode 115 is patterned by wet etching or the like in a
photolithography process. At this time, the surface is insu-
lated or contaminated. If an electron injection layer is formed
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on the insulated or contaminated first electrode 115 in this
case, the light emission efficiency falls or light is not emitted,
resulting in a problem of lowered lighting reliability. Also in
an element having a structure reversed in anode and cathode
positions, this problem occurs in the same way.

[0009] According to JP-A-2002-198182 and JP-A-2003-
272867, the electron injection layer or the thin film layer for
hole injection is formed between the anode and the organic
layer. However, it does not function to reproduce the effi-
ciency of injection into the electron injection layer or the hole
injection layer in the insulated or contaminated first electrode.
The problem is not solved.

SUMMARY OF THE INVENTION

[0010] An object of the present invention is to provide an
organic light emitting element having a high efficiency and a
high quality in which electron and hole injection efficiency of
the electrode is reproduced.

[0011] Hereafter, means for solving the problems in the
present invention will be described.

[0012] In a configuration of an organic light emitting dis-
play apparatus according to the present invention, a substrate,
a first electrode, an insulation film bank formed so as to cover
edges of the first electrode, a metal thin film formed on the
first electrode and the insulation film bank, an organic light
emitting layer, and a second electrode are disposed in the
cited order, and a lower part of a side face of the insulation
film bank takes a reverse tapered shape. In a configuration of
an organic light emitting display apparatus, a substrate, a first
electrode, an insulation film bank formed so as to cover edges
of the first electrode, a metal thin film formed on the first
electrode and the insulation film bank, an organic light emit-
ting layer, and a second electrode are disposed in the cited
order, and a side face of the insulation film bank includes a
regular tapered part and a reverse tapered shape. In a configu-
ration, the side face of the insulation film bank has a reverse
tapered shape on a side located near the first electrode and has
a regular tapered shape on a side located far from the first
electrode. In a configuration, the side face having the reverse
tapered shape is at a height in a range of 0.3 to 200 nm from
the first electrode. In a configuration, an electron transporta-
tion layer is disposed between the metal thin film and the
organic light emitting layer, and a hole transportation layer is
disposed between the organic light emitting layer and the
second electrode. In a configuration, an electron injection
layer is disposed between the metal thin film and the electron
transportation layer. In a configuration, the metal thin film is
a conductive film having a work function equal to or less than
a work function of the first electrode. In a configuration, a
hole transportation layer is disposed between the metal thin
film and the organic light emitting layer, and an electron
transportation layer is disposed between the organic light
emitting layer and the second electrode. In a configuration, a
hole injection layer is disposed between the metal thin film
and the hole transportation layer. In a configuration, the metal
thin film is a conductive film having a work function that is
equal to at least a work function of the first electrode. In a
configuration, a film thickness of the metal thin film is equal
to two thirds or less of a height of the side face having the
reverse tapered shape measured from the first electrode.
[0013] As for the insulation film bank in which regular bank
is formed, in the present invention, only a lower part of the
slope of the insulation film bank covering the first electrode
edges is provided with a reverse tapered shape under an
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optimum condition of reverse sputtering, plasma etching, ion
beaming or wet etching. The metal thin film is formed on the
first electrode and the insulation film bank, and the metal thin
film divided every pixel is obtained. As aresult, crosstalk with
adjacent pixels can be prevented, and the efficiency of injec-
tion of electrons and holes from the first electrode can be
improved. The material of the metal thin film is not especially
restricted. Two or more kinds of materials may be used
together. The film thickness of the metal thin film is one
hundred and several tens nm or less. It is not necessary to set
the reverse taper height h of the insulation film bank equal to
at least 201 nm.

[0014] The organic light emitting element includes the
electron transportation layer, the organic light emitting layer,
the hole transportation layer, the hole injection layer, the first
electrode and the second electrode. As for the hole injection
layer, a material having a suitable ionizing potential is desir-
able to lower the injection barrier of the anode and the hole
transportation layer. Furthermore, it is desirable that the
material plays a role of burying the unevenness of the surface
of the underlying layer. Specifically, steel phthalocyanine,
star burst amine compound, polyaniline and polythiophene
can be mentioned. However, the material is not restricted to
them.

[0015] The hole transportation layer plays a role of trans-
porting holes and injecting the holes into the light emitting
layer. Therefore, it is desirable that the hole mobility is high.
Furthermore, it is desirable that the hole transportation layer
is chemically stable. It is also desirable that the ionizing
potential is low. It is also desirable that the electron affinity is
low. It is also desirable that glass transition temperature is
high.

[0016] Specifically, N,N'-bis(3-methylphenyl)-N,N'-
diphenyl-[1,1'-biphenyl]-4,4'diamine (hereafter abbreviated
to TPD), 4,4'-bis[N-(1-naphtyl)-N-phenylamino]biphenyl
(hereafter abbreviated to o.-NPD), 4,4',4"-tri(N-carbazolyl)
triphenylamine (hereafter abbreviated to TCTA), and 1,3,5-
tris[N-(4-diphenyl aminophenyl)phenylamino]benzene
(hereafter abbreviated to p-DPA-TDAB) are desirable. Of
course, the material is not restricted to these materials. Two or
more kinds included in these materials may be used together.
[0017] The light emitting layer means a layer in which
electrons are recombined and light is emitted with a wave-
length peculiar to the material. In some cases, the host mate-
rial forming the light emitting layer emits light. In other cases,
a dopant material added to the host by a minute quantity emits
light. As the concrete host material, a distyrylarylene deriva-
tive (hereafter abbreviated to DPVBI), a silole derivative hav-
ing a benzene ring in its framework (hereafter abbreviated to
2PSP), an oxadiazole derivative having a triphenylamine
structure on both ends (hereafter abbreviated to EM2), a
berinone derivative having a phenanthrene group (hereafter
abbreviated to P1), an oligothiophene derivative having a
triphenylamine structure on both ends (hereafter abbreviated
to BMA-3T), a berylene derivative (hereafter abbreviated to
tBu-PTC), tris(8-quinolinol) aluminum (hereafter abbrevi-
ated to Alq), a polyparaphenylenevinylene derivative, a poly-
thiophene derivative, a polyparaphenylene derivative, a pol-
ysilane derivative, and a polyacetylene derivative are
desirable. Of course, the material is not restricted to these
materials. Two or more kinds included in these materials may
be used together.

[0018] As a concrete dopant material, quinacridon, cou-
marin 6, nile red, ruprene, 4-(dicyanomethylene)-2-methyl-
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6-(para-dimethylaminostyryl)-4H-pyran (hereafter abbrevi-
ated to DCM), and a dicarbazor derivative are desirable. Of
course, the material is not restricted to these materials. Two or
more kinds included in these materials may be used together.
[0019] The electron transportation layer plays a role of
transporting electrons and injecting electrons into the light
emitting layer. Therefore, it is desirable that the electron
mobility is high. Specifically, Alg, an oxadiazole derivative, a
silole derivative, and a zinc benzothiazole complex are desir-
able. Of course, the material of the electron transportation
layer is not restricted to these materials. Two or more kinds
included in these materials may be used together.

[0020] The electron injection layer is used to improve the
efficiency of injection of electrons from the cathode into the
electron transportation layer. Specifically, lithium fluoride,
magnesium fluoride, calcium fluoride, strontium fluoride,
barium fluoride, magnesium oxide and aluminum oxide are
desirable. Of course, the material of the electron injection
layer is not restricted to these materials. Two or more kinds
included in these materials may be used together.

[0021] The metal thin film is used to reproduce the effi-
ciency of injection of electrons or holes from the cathode or
anode contaminated by wet etching or the like into the elec-
tron injection layer or the hole injection layer. The material of
the metal thin film differs depending upon the structure of the
organic light emitting element.

[0022] In a first configuration, the first electrode functions
as the cathode and the second electrode functions as the
anode. The first electrode, the metal thin film, the hole injec-
tion layer, the hole transportation layer, the light emitting
layer, the electron transportation layer, the electron injection
layer, and the second electrode are laminated in the cited
order. In this configuration, a structure that does not have an
electron injection layer or a hole injection layer is also con-
ceivable. Furthermore, a structure that does not have an elec-
tron transportation layer or a hole transportation layer is also
conceivable.

[0023] As for the material of the metal thin film in this case,
a conductive film having a large work function is desirable in
order to raise the efficiency of injection of holes into the hole
injection layer. Specifically, metal such as molybdenum,
nickel or chrome, an alloy using these metals, and an inor-
ganic material such as polysilicon, amorphous silicon, tin
oxide, indium oxide, indium tin oxide (ITO), vanadium oxide
and a tungsten oxide can be mentioned. However, the material
is not restricted to these materials. Two or more kinds
included in these materials may be used together. Further-
more, it is not prevented to use the same material as that of the
first electrode.

[0024] On the other hand, in a configuration, the first elec-
trode functions as the cathode and the second electrode func-
tions as the anode. The first electrode, the metal thin film, the
electron injection layer, the electron transportation layer, the
light emitting layer, the hole transportation layer, the hole
injection layer, and the second electrode are laminated in the
cited order. In the above-described configuration, a structure
that does not have the electron injection layer or the hole
injection layer is also conceivable. A structure that does not
have the electron transportation layer or the hole transporta-
tion layer is also conceivable. As for the material of the metal
thin film in this case, a conductive film having a small work
function is desirable in order to increase the efficiency of
injection of electrons into the electron injection layer. Spe-
cifically, metal such as aluminum, silver, magnesium or metal
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calcium, an alloy using these metals, an oxide containing a
cerium compound or indium oxide as a principal material, a
vanadium oxide, a tungsten oxide, and a lithium organic
matter can be mentioned. The material is not restricted to
these materials. Two or more kinds included in these materi-
als may be used together. Furthermore, it is not prevented to
use the same material as that of the first electrode.

[0025] As for the material used for the first electrode, an
electrode material is desirable. Specifically, metal such as
aluminum, silver, copper, molybdenum, nickel or chrome, an
alloy using these metals, or an inorganic material such as a
cerium compound, polysilicon, amorphous silicon, tin oxide,
indium oxide, indium tin oxide (ITO) can be mentioned.
However, the material is not restricted to these materials.

[0026] Ifan In,0;—SnO, conductive film is fabricated by
using the sputtering method under the condition that the sub-
strate temperature is raised to approximately 200° C., the
polycrystal state is brought about. In the polycrystal state, the
etching rate in the crystal grain differs from that at an interface
of the crystal grain. When the In,O,—SnO, conductive film
is used for the first electrode, therefore, the amorphous state is
desirable.

[0027] As for a material used for the second electrode, an
oxide using indium oxide as its principal material can be
mentioned. In particular, an In,O;—SnO, transparent con-
ductive film and an In,O;—Z7n0O transparent conductive film
are desirable. As for the manufacturing method of the trans-
parent conductive film, the sputtering method, EB deposition
method, and ion plating method can be mentioned.

[0028] As another means of the present invention, in a
configuration of an organic light emitting display apparatus, a
substrate, a first electrode, an insulation film bank formed so
as to cover edges of the first electrode, a metal thin film
formed on the first electrode and the insulation film bank, an
organic light emitting layer, and a second electrode are dis-
posed in the cited order, and a part of a top face of the
insulation film bank takes an uneven shape. In a configura-
tion, the uneven shape has center line average roughness in a
range of 1 to 1000 nm. In a configuration, the metal thin film
has a film thickness that is half or less of the center line
average roughness. In a configuration, the uneven shape has a
convex part taking a shape of a cone, a pyramid, a dome, a
column or a pillar that is at least 1 nm in height. In a configu-
ration, the metal thin film has a film thickness that is equal to
half or less of the height of the convex part taking the shape of
a cone, a pyramid, a dome, a column or a pillar.

[0029] Inthe present invention, on the top of the insulation
film bank formed using a film forming method such as spin
coating, chemical vapor deposition method, sputtering or ion
plating, a minute uneven surface is obtained under an opti-
mum condition of reverse sputtering, plasma etching, ion
beaming or wet etching. The metal thin film is formed on the
first electrode and the insulation film bank, and the metal thin
film divided every pixel is obtained. As aresult, crosstalk with
adjacent pixels is prevented, and the efficiency of injection of
electrons and holes from the first electrode can be improved.
As for the metal thin film, the material is not especially
restricted. Two or more kinds of material may be used
together. The film thickness of the metal thin film is in the
range of 0.5 to 500 nm. For dividing the metal thin film every
pixel, it is necessary to set the center line average roughness
of the top surface of the insulation film bank to a value in the
range of 1 to 1000 nm.
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[0030] On the top of the insulation film bank, an uneven
surface taking a shape of'a cone, a pyramid, a dome, a column
or a pillar is obtained under an optimum condition of a film
forming method such as sputtering, chemical vapor deposi-
tion or ion plating. The metal thin film is formed on the first
electrode and the insulation film bank, and the metal thin film
divided every pixel is obtained. As a result, crosstalk with
adjacent pixels is prevented, and the efficiency of injection of
electrons and holes from the first electrode can be improved.
As for the metal thin film, the material is not especially
restricted. Two or more kinds of material may be used
together.

[0031] Since the metal thin film is prevented from being
formed on the top of the insulation film bank by using a
shadow mask, the metal thin film divided every pixel is
obtained. As a result, crosstalk with adjacent pixels is pre-
vented, and the efficiency of injection of electrons and holes
from the first electrode can be improved.

[0032] In this organic light emitting display apparatus, the
metal thin film may be formed of an electrode material. In this
case, the efficiency of injection of electrons and holes can be
reproduced by forming the metal thin film on the first elec-
trode and the insulation film bank slope contaminated by wet
etching or the like in the photolithography process.

[0033] The electrode material is metal such as aluminum,
silver, copper, molybdenum, tungsten, nickel or chrome, an
alloy using these metals, or an inorganic material such as a
cerium compound, polysilicon, amorphous silicon, tin oxide,
indium oxide, indium tin oxide (ITO). Two or more kinds
included in these materials may be used together.

[0034] In the present invention, the film thickness range of
the metal thin film is prescribed. The film thickness of the
metal thin film is set equal to two thirds or less of a height h of
reverse taper of a lower part of the insulation film bank slope
so as to divide the metal thin film every pixel on the reverse
tapered insulation film bank forming a reverse tapered angle
6 of 90 degrees or less with the exposed first electrode face
and having a height h in the range of 0.3 to 200 nm.

[0035] In a configuration, the film thickness of the metal
thin film is half or less of center line average roughness of the
top surface of the insulation film bank. In the present inven-
tion, the film thickness of the metal thin film is made half or
less of center line average roughness of the top surface of the
insulation film bank so as to divide the metal thin film every
pixel on an uneven surface having center line average rough-
ness in the range of 1 to 1000 nm on the top of the insulation
film bank.

[0036] In a configuration, the thickness of the metal thin
film is half or less of the height of a convex part taking a shape
of'a cone, a pyramid, a dome, a column or a pillar on the top
surface of the insulation film bank. In the present invention,
the thickness of the metal thin film is made half or less of the
height of a convex part taking a shape of a cone, a pyramid, a
dome, a column or a pillar on the top surface of the insulation
film bank so as to divide the metal thin film every pixel on an
uneven surface where the height of a convex part taking a
shape of a cone, a pyramid, a dome, a column or a pillar is at
least 1 nm.

[0037] In a configuration of the organic light emitting dis-
play apparatus, a plurality of pixels and thin film transistors
for driving the pixels are included, and the organic light
emitting display apparatus is active matrix type. In a configu-
ration, the thin film transistors are polysilicon thin film tran-
sistors or amorphous silicon thin film transistors.
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[0038] As another means of the present invention, in a
configuration of an organic light emitting display apparatus, a
substrate, a first electrode, an insulation film bank formed so
as to cover edges of the first electrode, a metal thin film
formed on the first electrode and the insulation film bank, an
electron transportation layer, an organic light emitting layer,
a hole transportation layer, and a second electrode are dis-
posed in the cited order, and the metal thin film is a conductive
film having a work function equal to or less than a work
function of the first electrode.

[0039] As another means of the present invention, in a
configuration of an organic light emitting display apparatus, a
substrate, a first electrode, an insulation film bank formed so
as to cover edges of the first electrode, a metal thin film
formed on the first electrode and the insulation film bank, a
hole transportation layer, an organic light emitting layer, an
electron transportation layer, and a second electrode are dis-
posed in the cited order, and the metal thin film is a conductive
film having a work function that is equal to at least a work
function of the first electrode.

[0040] Owing to the high efficiency in the light emitting
part obtained by using polysilicon thin film transistors, the
pixel voltage becomes low and the reliability of the pixel
circuit can be improved. Since the pixel voltage can be made
low, the pixel power supply can be small-sized. Furthermore,
because of prevention of crosstalk between a light emitting
part and adjacent pixels and high efficiency obtained by using
amorphous silicon thin film transistor, the current driven by
the thin film transistor decreases and the shift of the threshold
voltage of the thin film transistor decreases.

[0041] According to the present invention, it is possible to
reproduce the efficiency of injection of electrons and holes
from the electrode. As a result, it becomes possible to provide
an organic light emitting element having a high efficiency and
a high quality.

[0042] Other objects, features and advantages of the inven-
tion will become apparent from the following description of
the embodiments of the invention taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG.11is an enlarged sectional view of a pixel region
in an organic light emitting display apparatus showing a first
embodiment of the present invention;

[0044] FIG. 2 is a sectional view of a pixel region in an
organic light emitting display apparatus;

[0045] FIG. 3 is an enlarged sectional view of a pixel region
in an organic light emitting display apparatus showing a sec-
ond embodiment of the present invention;

[0046] FIG. 4isaTable showing a result obtained by evalu-
ating light emission luminance of elements in organic light
emitting apparatuses fabricated according to a second
embodiment of the present invention and a first comparison
example;

[0047] FIG.5is an enlarged sectional view of a pixel region
in an organic light emitting display apparatus showing a third
embodiment of the present invention;

[0048] FIG. 6is an enlarged sectional view of a pixel region
in an organic light emitting display apparatus showing a
fourth embodiment of the present invention;

[0049] FIG. 7 is a diagram showing dependence of light
emission luminance of an element in an organic light emitting
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apparatus fabricated according to a second embodiment of
the present invention upon a film thickness of a metal thin
film;

[0050] FIG. 8 isa Table showing a result obtained by evalu-
ating light emission luminance of elements in organic light
emitting apparatuses fabricated according to a sixth embodi-
ment of the present invention and a second comparison
example;

[0051] FIG.9isanenlarged sectional view of a pixel region
in a conventional organic light emitting display apparatus;
and

[0052] FIG. 10 is a configuration diagram of an organic
light emitting display apparatus.

DESCRIPTION OF THE EMBODIMENTS

[0053] Hereafter, embodiments of the present invention
will be described.

First Embodiment

[0054] FIG. 1 shows a first embodiment of the present
invention. This configuration differs from the element con-
figuration shown in FIG. 9 in that a metal thin film 127 is
disposed between a first electrode 115 or an insulation film
bank 120 and an electron injection layer 124. The metal thin
film 127 is formed on the first electrode 115 and the insulation
film bank 120 by using the vacuum deposition method.
[0055] An electron transportation layer 123 plays a role of
transporting electrons and injecting electrons into a light
emitting layer. Therefore, it is desirable that the electron
mobility is high. Specifically, Alq, an oxadiazole derivative, a
silole derivative, and a zinc benzothiazole complex are desir-
able. Of course, the material of the electron transportation
layer is not restricted to these materials. Two or more kinds
included in these materials may be used together.

[0056] The electron injection layer 124 is used to improve
the efficiency of injection of electrons from a cathode into the
electron transportation layer. Specifically, lithium fluoride,
magnesium fluoride, calcium fluoride, strontium fluoride,
barium fluoride, magnesium oxide and aluminum oxide are
desirable. Of course, the material of the electron injection
layer is not restricted to these materials. Two or more kinds
included in these materials may be used together.

[0057] The metal thin film 127 is used to reproduce the
efficiency of injection of electrons from the cathode contami-
nated by wet etching or the like into the electron injection
layer. The material of the metal thin film 127 differs depend-
ing upon the structure of the organic light emitting element.
[0058] In the configuration shown in FIG. 1, the first elec-
trode 115 functions as the cathode, and a second electrode
125 functions as the anode. The element has a lamination
structure including the first electrode 115, the metal thin film
127, the electron injection layer 124, the electron transporta-
tion layer 123, a light emitting layer 122, a hole transportation
layer 121, a hole injection layer 129 and the second electrode
125. In this configuration, a structure that does not have an
electron injection layer or a hole injection layer is also con-
ceivable. Furthermore, a structure that does not have an elec-
tron transportation layer or a hole transportation layer is also
conceivable. As for the metal thin film 127 in this case, a
conductive film having a small work function is desirable in
order to raise the efficiency of injection of electrons into the
electron injection layer 124. Specifically, metal such as alu-
minum, silver, magnesium or metal calcium, an alloy using
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these metals, an oxide containing a cerium compound or
indium oxide as a principal material, a vanadium oxide, a
tungsten oxide, and a lithium organic matter are desirable.
Two or more kinds included in these materials may be used
together. Furthermore, it is not prevented to use the same
material as that of the first electrode 115.

[0059] By assuming the configuration described hereto-
fore, it is possible to reproduce the efficiency of injection of
electrons from the first electrode 115 contaminated by wet
etching or the like into the electron injection layer 124.
[0060] On the other hand, also in a configuration having the
first electrode 115 as the anode and the second electrode 125
as the cathode, the present invention can be used in the same
way. In this case, the element has a lamination structure
including the first electrode 115, the metal thin film 127, the
hole injection layer 129, the hole transportation layer 121, the
light emitting layer 122, the electron transportation layer 123,
the electron injection layer 124 and the second electrode 125.
In this configuration as well, a structure that does not have an
electron injection layer or a hole injection layer is also con-
ceivable. Furthermore, a structure that does not have an elec-
tron transportation layer or a hole transportation layer is also
conceivable. As for the material of the metal thin film 127 in
this case, a conductive film having a large work function is
desirable in order to raise the efficiency of injection of holes
into the hole injection layer 129. Specifically, metal such as
molybdenum, nickel or chrome, an alloy using these metals,
and an inorganic material such as polysilicon, amorphous
silicon, tin oxide, indium oxide, indium tin oxide (ITO),
vanadium oxide and a tungsten oxide are desirable. Two or
more kinds included in these materials may be used together.
Furthermore, it is not prevented to use the same material as
that of the first electrode 115.

[0061] By assuming the configuration described hereto-
fore, it is possible to reproduce the efficiency of injection of
holes from the first electrode 115 contaminated by wet etch-
ing or the like into the hole injection layer 129.

Second Embodiment

[0062] A second embodiment of the present invention will
now be described with reference to FIGS. 2 to 4.

[0063] Ifthe first embodiment is used, a problem that con-
tact with the first electrode or the second electrode and short
circuit to an adjacent pixel occur is caused. In the present
embodiment, a configuration in which the metal thin film is
formed discontinuously is used.

[0064] First, a method for manufacturing the organic light
emitting display apparatus in this embodiment will now be
described. Thin film transistors are polysilicon thin film tran-
sistors. FIG. 2 is a sectional view of a pixel region in the
organic light emitting display apparatus. An amorphous sili-
con (a-Si) film having a film thickness of 50 nm is formed on
a glass substrate 116 by using the low pressure chemical
vapor deposition method (LPCVD method). Subsequently,
the whole surface of the film is subjected to laser annealing.
As aresult, a-Siis crystallized to form polycrystalline silicon
(p-Si). Subsequently, the p-Si film is patterned using dry
etching to form an active layer of a first transistor, an active
layer of a second transistor, and a capacitance lower electrode
105. Subsequently, a SiO, film having a film thickness of 100
nm is formed as a gate insulation film 117 by using the plasma
enhanced chemical vapor deposition method (PECVD
method). Subsequently, a TiW film having a film thickness of
50 nm is fabricated as a gate electrode by using the sputtering
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method, and is patterned. In addition, a scanning line and a
capacitance upper electrode 108 are patterned. Subsequently,
P ions are injected from the top of the gate insulation film 117
into the patterned p-Si layer. P ions are not injected into a
region over which a gate electrode is provided, and the region
becomes a channel region. Subsequently, the substrate 116 is
subjected to heating processing in an N, atmosphere, and
impurities (P) are activated to form an impurity active region.
Over the impurity active region, a SiN,, film is formed as afirst
interlayer insulation film 118. The film thickness is 200 nm.
Subsequently, a contact hole is formed through the gate insu-
lation film 117 and the first interlayer insulation film 118 in
the impurity active region. In addition, a contact hole is
formed through the first interlayer insulation film 118 over the
gate electrode of the second transistor.

[0065] On the first interlayer insulation film 118, an Al film
having a film thickness of 500 nm is formed by using the
sputtering method. A signal line 109 and a first current supply
line 110 are formed by a photolithography process. Further-
more, a source electrode and a drain electrode of the first
transistor and a source electrode and a drain electrode of the
second transistor are formed. The capacitance lower elec-
trode 105 is connected to the drain electrode of the first
transistor. Furthermore, the source electrode of the first tran-
sistor is connected to the signal line 109. The drain electrode
of the first transistor is connected to the gate electrode of the
second transistor. The drain electrode of the second transistor
is connected to the first current supply line 110. The capaci-
tance upper electrode 108 is connected to the first current
supply line 110. As for a second interlayer insulation film 119,
a SiNx film is formed using the plasma enhanced chemical
vapor deposition method (PECVD method). The film thick-
ness is 500 nm. A contact hole is provided in an upper part of
the drain electrode of the second transistor.

[0066] FIG.3isan enlarged sectional view of a pixel region
in an organic light emitting display apparatus showing a sec-
ond embodiment of the present invention. An Al—Nd film
having a thickness of 150 nm is formed on a planarized layer
136 by using the sputtering method. A first electrode 115 is
formed using the photolithography method. Subsequently,
three SiNx layers differing in film quality are formed as an
insulation film bank 120 by using the PECVD method while
varying the film forming condition. Subsequently, the insu-
lation film bank 120 is formed by dry etching using CF,+O,
to be regular tapered at an upper part of a slope and reverse
tapered at a lower part of the slope. As a result of SEM
observation, it is found that the lower part of the slope of the
insulation film bank forms a reverse tapered angle of 65
degrees with an exposed lower electrode face and the reverse
taper has a height h of 200 nm.

[0067] Subsequently, an Al film is formed on the first elec-
trode 115 and the insulation film bank 120 as a metal thin film
127 by 10 nm using the vacuum deposition method. Subse-
quently, a LiF film is formed on the metal thin film 127 as an
electron injection layer 124 by 0.5 nm using the vacuum
deposition method. A shadow mask is used to form a pattern.
An Alq film having a film thickness of 20 nm is formed on the
electron injection layer 124 by using the vacuum deposition
method. The Alq film functions as an electron transportation
layer 123. A shadow mask is used to form a pattern. On the
electron transportation layer 123, a simultaneous deposited
film of Alq and quinacridon having a film thickness of 20 nm
is formed by using the binary simultaneous vacuum deposi-
tion method. Deposition is conducted by exercising control so
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as to attain a deposition rate of 40:1. The simultaneous depos-
ited film of Alq and quinacridon functions as a light emitting
layer 122. A shadow mask is used to form a pattern. Subse-
quently, an o.-NPD film having a film thickness of 50 nm is
formed using the vacuum deposition method. A shadow mask
is used to form a pattern. The deposition region is determined
by increasing each side of the lower electrode by 1.2 times.
This a-NPD film functions as a hole transportation layer 121.
Subsequently, copper phthalocyanine having a film thickness
of 50 nm is formed using the vacuum deposition method. A
shadow mask is used to form a pattern. The deposition region
is determined by increasing each side of the lower electrode
by 1.2 times. This functions as a hole injection layer 129. As
for an upper electrode, an In—7n—O film (hereafter abbre-
viated to 1ZO film) having a film thickness of 100 nm is
formed using the sputtering method. The 1ZO film functions
as a second electrode 125, and it is an amorphous oxide film.
As for atarget, a target having In/(In+Zn)=0.83 is used. As for
the film forming conditions, Ar:O, mixed gas is used as an
atmosphere, the degree of vacuum is set equal to 0.8 Pa, and
the sputtering output is set equal to 0.2 W/cm?. The second
electrode 125 formed of the In—ZnO film functions as the
anode, and its transmittance is 80%. Subsequently, a SIOXxNy
film having a film thickness of 50 nm is formed using the
sputtering method. The SiOxNy film functions as a protection
layer 126.

[0068] It becomes possible to cut the metal thin film 127
and the electron injection layer 124 every pixel by using the
manufacturing method heretofore described. In other words,
in the configuration of the present embodiment, the lower part
of the insulation film bank having a regular tapered shape is
provided with a reverse tapered shape. When forming the
metal thin film 127 and the electron injection layer 124,
therefore, it becomes possible to cut them at the reverse
tapered part.

[0069] In addition to the effects obtained in the first
embodiment, therefore, it becomes possible to prevent con-
tact between the cathode and the anode and short circuit to an
adjacent pixel. Also in a configuration using the first electrode
as the anode and the second electrode as the cathode, the
present embodiment can be applied in the same way.

First Comparative Example

[0070] For comparison with the second embodiment, an
organic light emitting display apparatus using a reverse
tapered insulation film bank.

[0071] FIG. 4 shows results obtained by evaluating the light
emitting luminance of the display apparatuses fabricated
according to the second embodiment and the first compara-
tive example. A voltage of 7 V is applied to elements in the
display apparatus. In the display apparatus according to the
second embodiment, the upper part of the slope in the insu-
lation film bank is regular tapered. The lower part of the slope
is reverse tapered. An angle 6 formed by the lower part of the
slope with the exposed lower electrode face is a reverse
tapered angle of 65 degrees. The reversed taper has a height h
01100 nm. And the metal thin film is an Al film and has a film
thickness of 10 nm. It is found that the display apparatus
according to the second embodiment has light emitting lumi-
nance as high as 1500 cd/m?. Crosstalk with adjacent pixels is
not found. The metal thin film is an Al film having a film
thickness of 10 nm. Although the light emitting luminance
falls to 700 cd/m?, crosstalk is recognized. Although the
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effect of the metal thin film is recognized, crosstalk occurs
because the metal thin film is not divided every pixel.

Third Embodiment

[0072] A third embodiment of the present invention will
now be described with reference to FIG. 5.

[0073] Inthe present embodiment, another means for mak-
ing the metal thin film discontinuous is used. Hereafter, a
manufacturing method for an organic light emitting display
apparatus according to this embodiment will be described. A
thin film transistor is an amorphous silicon thin film transis-
tor. FIG. 5 is an enlarged sectional view of a pixel region in the
organic light emitting apparatus showing the second embodi-
ment of the present invention. A Cr film having a film thick-
ness of 200 nm is formed on a glass substrate as a gate
electrode by using the sputtering method. Thereafter, the Cr
film is worked to form gate wiring by using the photolithog-
raphy method. Thereon, a SiNx film having a film thickness
of 300 nm is formed as a gate insulation layer by using the
PECVD method. Subsequently, an a-Si film having a film
thickness of 200 nm is formed as a semiconductor layer by
using the PECVD method. At the same time, an n+Si film
having a film thickness of 30 nm is formed as a contact layer
by using the PECVD method. Subsequently, the semiconduc-
tor layer is worked to take the shape of an island by using the
photolithography method. Subsequently, a CrMo film having
a film thickness of 200 nm formed by using the sputtering
method is worked to form source and drain electrode wiring
by using the photolithography method. An n+Si film existing
between the source and drain electrodes is etched. On the
n+Si film, a SiNx film having a film thickness of 500 nm is
formed as a protection layer by using the PECVD method. In
addition, through holes are formed through the protection
layer by using the photolithography method. Subsequently,
an Al—Nd film having a thickness of 150 nm is formed using
the sputtering method, and a first electrode 115 is formed
using the photolithography method.

[0074] Subsequently, a positive type photosensitive protec-
tion film (PC452) made by JSR corporation is formed as an
insulation film bank 120 by using the spin coat method, and
baking processing is conducted.

[0075] The insulation film bank 120 formed of PC452 has a
film thickness of 1 pm. The insulation film bank 120 covers
edges of the first electrode 115 by 3 pm. Subsequently, the top
of the insulation film bank 120 is provided with a subtle
uneven shape by using plasma etching as observed using an
SEM.

[0076] Subsequently, an Al film is formed on the first elec-
trode 115 and the insulation film bank 120 as a metal thin film
127 so as to have a thickness of 10 nm by using the vacuum
deposition method.

[0077] Subsequently, a LiF film is formed on the metal thin
film 127 as an electron injection layer 124 so as to have a
thickness of 0.5 nm by using the vacuum deposition method.
A shadow mask is used to form a pattern.

[0078] An Alq film having a film thickness of 20 nm is
formed on the electron injection layer 124 by using the
vacuum deposition method. The Alq film functions as an
electron transportation layer 123. A shadow mask is used to
form a pattern. On the electron transportation layer 123, a
simultaneous deposited film of Alq and quinacridon having a
film thickness of 20 nm is formed by using the binary simul-
taneous vacuum deposition method. Deposition is conducted
by exercising control so as to attain a deposition rate of 40:1.
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The simultaneous deposited film of Alq and quinacridon
functions as alight emitting layer 122. A shadow mask is used
to form a pattern.

[0079] Subsequently, an o.-NPD film having a film thick-
ness of 50 nm is formed using the vacuum deposition method.
A shadow mask is used to form a pattern. The deposition
region is determined by increasing each side of the lower
electrode by 1.2 times. This a-NPD film functions as a hole
transportation layer 121.

[0080] Subsequently, copper phthalocyanine having a film
thickness of 50 nm is formed using the vacuum deposition
method. A shadow mask is used to form a pattern. The depo-
sition region is determined by increasing each side of the
lower electrode by 1.2 times. This functions as a hole injec-
tion layer 129.

[0081] As foran upper electrode, an IZO film having a film
thickness of 100 nm is formed using the sputtering method.
The IZO film functions as a second electrode 125, and it is an
amorphous oxide film. As for a target, a target having In/(In+
Zn)=0.83 is used. As for the film forming conditions, Ar:O,
mixed gas is used as an atmosphere, the degree of vacuum is
set equal to 1 Pa, and the sputtering output is set equal to 0.2
W/cm?. The second electrode 125 formed of the In—ZnO
film functions as the anode, and its transmittance is 80%.
[0082] Subsequently, a SiOxNy film having a film thick-
ness of 50 nm is formed using the sputtering method. The
SiOxNy film functions as a protection layer 126.

[0083] A panel is manufactured by way of trial as shown in
FIG. 10. Pixels 201 each incorporating a memory cell are
arranged to form a display region 202. In order to drive a
matrix, a shift register 204 is connected to data wiring and a
scanning drive circuit 203 is connected to scanning wiring. A
control signal for controlling the driving of these circuits and
display data are supplied via input wiring 205. Furthermore,
EL power supply wiring 210 and EL. common wiring 211 of
the pixels are collectively connected to a pixel power supply
206.

[0084] It becomes possible to cut the metal thin film 127
every pixel by using the configuration heretofore described.
In other words, in the configuration of the present embodi-
ment, the insulation film bank 120 is provided with an uneven
structure. As a result, it becomes possible to cut the metal thin
film 127.

[0085] Light emitting luminance of the display apparatus
fabricated according to the third embodiment is evaluated. A
voltage of 7V is applied to elements in the display apparatus.
It is found that light emission luminance as high as 1450
cd/m? is obtained in the display apparatus according to the
third embodiment. Crosstalk with adjacent pixels is not
found. The top of the insulation film bank has an uneven
surface. Therefore, it is found that the metal thin film is
divided into pixels even if it is formed so as to have a thickness
of 10 nm.

[0086] It is ascertained that the current driven by the thin
film transistor decreases and the shift of the threshold voltage
of the thin film transistor decreases because of prevention of
crosstalk between a light emitting part and adjacent pixels and
high efficiency.

Fourth Embodiment

[0087] A fourth embodiment of the present invention will
now be described with reference to FIG. 6.
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[0088] Inaconfiguration of the present embodiment, a first
electrode 115 functions as the anode and a second electrode
125 functions as the cathode.

[0089] Hereafter, an organic light emitting display appara-
tus according to the embodiment of the present invention will
be described. FIG. 2 is a sectional view of a pixel region in the
organic light emitting display apparatus. The thin film tran-
sistor is a polysilicon thin film transistor. FIG. 6 is an enlarged
sectional view of a pixel region in an organic light emitting
display apparatus showing the fourth embodiment of the
present invention. As for a second interlayer insulation film
119, a SiNx film is formed using the chemical vapor deposi-
tion method. The film thickness is 500 nm. On the second
interlayer insulation film 119, a Cr film having a thickness of
150 nm is formed using the sputtering method. The first
electrode 115 is formed using the photolithography method.
The first electrode 115 functions as the anode.

[0090] Subsequently, a SiNx film is formed as an insulation
film bank 120 by using the plasma enhanced chemical vapor
deposition method (PECVD method) under a film forming
condition for forming a dome-shaped structure. As a result,
the top of the insulation film bank 120 is provided with an
uneven shape as observed using an SEM.

[0091] The insulation film bank 120 formed of SiNx has a
film thickness 0f 0.5 um. The insulation film bank 120 covers
edges of the first electrode 115 by 2 um.

[0092] Subsequently, a Cr film is formed on the first elec-
trode 115 and the insulation film bank 120 as a metal thin film
127 so as to have a thickness of 10 nm by using the sputtering
method.

[0093] Subsequently, copper phthalocyanine having a film
thickness of 50 nm is formed using the vacuum deposition
method. A shadow mask is used to form a pattern. The depo-
sition region is determined by increasing each side of the first
electrode by 1.2 times. This functions as a hole injection layer
129.

[0094] Subsequently, an a.-NPD film having a film thick-
ness of 50 nm is formed using the vacuum deposition method.
A shadow mask is used to form a pattern. The deposition
region is determined by increasing each side of the lower
electrode by 1.2 times. This a-NPD film functions as a hole
transportation layer 121. On the hole transportation layer 121,
a simultaneous deposited film of Alq and quinacridon having
a film thickness of 20 nm is formed by using the binary
simultaneous vacuum deposition method. Deposition is con-
ducted by exercising control so as to attain a deposition rate of
40:1. The simultaneous deposited film of Alq and quinacridon
functions as a light emitting layer 122. A shadow mask is used
to form a pattern.

[0095] An Alq film having a film thickness of 20 nm is
formed on the simultaneous deposited film of Alq and quina-
cridon by using the vacuum deposition method. The Alq film
functions as an electron transportation layer 123. A shadow
mask is used to form a pattern.

[0096] Subsequently, a LiF film is formed on the metal thin
film 127 as an electron injection layer 124 so as to have a
thickness of 0.5 nm by using the vacuum deposition method.
A shadow mask is used to form a pattern.

[0097] On the electron injection layer 124, an IZO film
having a thickness of 150 nm is formed using the sputtering
method. A second electrode 125 is thus formed. The second
electrode 125 functions as the cathode, and it is an amorphous
oxide film. As for a target, a target having In/(In+Zn)=0.83 is
used. As for the film forming conditions, Ar:O, mixed gas is
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used as an atmosphere, the degree of vacuum is set equal to
0.8 Pa, and the sputtering output is set equal to 0.2 W/cm?.
[0098] Subsequently, a SiOxNy film having a film thick-
ness of 70 nm is formed using the sputtering method. The
SiOxNy film functions as a protection layer 126.

[0099] A panel is manufactured by way of trial as shown in
FIG. 10. Pixels 201 each incorporating a memory cell are
arranged to form a display region 202. In order to drive a
matrix, a shift register 204 is connected to data wiring and a
scanning drive circuit 203 is connected to scanning wiring. A
control signal for controlling the driving of these circuits and
display data are supplied via input wiring 205. Furthermore,
EL power supply wiring 210 and EL common wiring 211 of
the pixels are collectively connected to a pixel power supply
206.

[0100] It becomes possible to cut the metal thin film 127
every pixel by using the configuration heretofore described.
In other words, in the configuration of the present embodi-
ment, the insulation film bank 120 is provided with an uneven
structure. As a result, it becomes possible to cut the metal thin
film 127.

[0101] Light emitting luminance of the display apparatus
fabricated according to the fourth embodiment is evaluated. A
voltage of 7V is applied to elements in the display apparatus.
It is found that light emission luminance as high as 1260
cd/m? is obtained in the display apparatus according to the
fourth embodiment. Crosstalk with adjacent pixels is not
found. The top of the insulation film bank has an uneven
surface. Therefore, it is found that the second electrode is
divided into pixels even if it is formed so as to have a thickness
of 10 nm.

[0102] Owing to the high efficiency in the light emitting
part, the pixel voltage becomes low and the reliability of the
pixel circuit can be improved. Since the pixel voltage can be
made low, the pixel power supply can be small-sized.

Fifth Embodiment

[0103] A fifth embodiment of the present invention will
now be described (not illustrated). A thin film transistor is an
amorphous silicon thin film transistor. The manufacturing
method of the thin film transistor is the same as that in the
third embodiment. As for a second interlayer insulation film
119, a SiNx film is formed using the chemical vapor deposi-
tion method. The film thickness is 500 nm. On the second
interlayer insulation film 119, an Al film having a thickness of
150 nm is formed using the sputtering method. A first elec-
trode 115 is formed using the photolithography method.
[0104] Subsequently, a positive type photosensitive protec-
tion film (PC452) made by JSR corporation is formed as an
insulation film bank 120 by using the spin coat method, and
baking processing is conducted.

[0105] The insulation film bank 120 formed of PC452 has a
film thickness of 1 um. The insulation film bank 120 covers
edges of the first electrode 115 by 3 pum.

[0106] Subsequently, a Li film is formed on the first elec-
trode 115 and the slope of the insulation film bank 120 as a
metal thin film 127 so as to have a thickness of 10 nm by using
the vacuum deposition method. A shadow mask is used to
form the metal thin film.

[0107] Subsequently, a LiF film is formed on the metal thin
film 127 as an electron injection layer 124 so as to have a
thickness of 0.5 nm by using the vacuum deposition method.
A shadow mask is used to form a pattern.

Jul. 1, 2010

[0108] An Alq film having a film thickness of 20 nm is
formed on the electron injection layer 124 by using the
vacuum deposition method. The Alq film functions as an
electron transportation layer 123. A shadow mask is used to
form a pattern. On the electron transportation layer 123, a
simultaneous deposited film of Alq and quinacridon having a
film thickness of 20 nm is formed by using the binary simul-
taneous vacuum deposition method. Deposition is conducted
by exercising control so as to attain a deposition rate of 40:1.
The simultaneous deposited film of Alq and quinacridon
functions as a light emitting layer 122. A shadow mask is used
to form a pattern.

[0109] Subsequently, an o.-NPD film having a film thick-
ness of 50 nm is formed using the vacuum deposition method.
A shadow mask is used to form a pattern. The deposition
region is determined by increasing each side of the lower
electrode by 1.2 times. This a-NPD film functions as a hole
transportation layer 121.

[0110] Subsequently, copper phthalocyanine having a film
thickness of 50 nm is formed using the vacuum deposition
method. A shadow mask is used to form a pattern. The depo-
sition region is determined by increasing each side of the
lower electrode by 1.2 times. This functions as a hole injec-
tion layer 129.

[0111] As for an upper electrode, an IZO film having a film
thickness of 100 nm is formed using the sputtering method.
The IZO film functions as a second electrode 125, and it is an
amorphous oxide film. As for a target, a target having In/(In+
Zn)=0.83 is used. As for the film forming conditions, Ar:O,
mixed gas is used as an atmosphere, the degree of vacuum is
set equal to 1 Pa, and the sputtering output is set equal to 0.2
W/cm?. The second electrode 125 formed of the In—ZnO
film functions as the anode, and its transmittance is 80%.
[0112] Subsequently, a SiOxNy film having a film thick-
ness of 50 nm is formed using the sputtering method. The
SiOxNy film functions as a protection layer 126.

[0113] A panel is manufactured by way of trial as shown in
FIG. 10. Pixels 201 each incorporating a memory cell are
arranged to form a display region 202. In order to drive a
matrix, a shift register 204 is connected to data wiring and a
scanning drive circuit 203 is connected to scanning wiring. A
control signal for controlling the driving of these circuits and
display data are supplied via input wiring 205. Furthermore,
EL power supply wiring 210 and EL. common wiring 211 of
the pixels are collectively connected to a pixel power supply
206.

[0114] Light emitting luminance of the display apparatus
fabricated according to the fifth embodiment is evaluated. A
voltage of 7V is applied to elements in the display apparatus.
It is found that light emission luminance as high as 1520
cd/m? is obtained in the display apparatus according to the
fifth embodiment. Crosstalk with adjacent pixels is not found.
[0115] Thus, in the present embodiment, a pattern of the
metal thin film 127 is formed using a shadow mask, and a
second electrode is prevented from being formed on the insu-
lation film bank. Owing to this configuration, the metal thin
film 127 can be divided into pixels. It becomes possible to
decrease the current driven by the thin film transistor and the
shift of the threshold voltage of the thin film transistor
because of prevention of crosstalk between a light emitting
part and adjacent pixels and high efficiency.

Sixth Embodiment

[0116] A sixth embodiment of the present invention will
now be described (not illustrated). The manufacturing
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method is made similar to that in the second embodiment. A
thin film transistor is a polysilicon thin film transistor. As for
a second interlayer insulation film 119, a SiNx film is formed
using the chemical vapor deposition method. The film thick-
ness is 500 nm. On the second interlayer insulation film 119,
an Al film having a thickness of 150 nm is formed using the
sputtering method. A first electrode 115 is formed using the
photolithography method.

[0117] Subsequently, a positive type photosensitive protec-
tion film (PC452) made by JSR corporation is formed as an
insulation film bank 120 by using the spin coat method, and
baking processing is conducted.

[0118] The insulation film bank 120 formed of PC452 has a
film thickness of 1 um. The insulation film bank 120 covers
edges of the first electrode 115 by 3 pum.

[0119] Subsequently, an Al film having the same material
as that of the first electrode 115 is formed on the first electrode
115 and the slope of the insulation film bank 120 as a metal
thin film 127 so as to have a thickness of 5 nm by using the
vacuum deposition method. A shadow mask is used to form a
pattern.

[0120] Subsequently, a LiF film is formed on the metal thin
film 127 as an electron injection layer 124 so as to have a
thickness of 0.5 nm by using the vacuum deposition method.
A shadow mask is used to form a pattern.

[0121] An Alq film having a film thickness of 20 nm is
formed on the electron injection layer 124 by using the
vacuum deposition method. The Alq film functions as an
electron transportation layer 123. A shadow mask is used to
form a pattern. On the electron transportation layer 123, a
simultaneous deposited film of Alq and quinacridon having a
film thickness of 20 nm is formed by using the binary simul-
taneous vacuum deposition method. Deposition is conducted
by exercising control so as to attain a deposition rate of 40:1.
The simultaneous deposited film of Alq and quinacridon
functions as alight emitting layer 122. A shadow mask is used
to form a pattern.

[0122] Subsequently, an a.-NPD film having a film thick-
ness of 50 nm is formed using the vacuum deposition method.
A shadow mask is used to form a pattern. The deposition
region is determined by increasing each side of the lower
electrode by 1.2 times. This a-NPD film functions as a hole
transportation layer 121.

[0123] Subsequently, copper phthalocyanine having a film
thickness of 50 nm is formed using the vacuum deposition
method. A shadow mask is used to form a pattern. The depo-
sition region is determined by increasing each side of the
lower electrode by 1.2 times. This functions as a hole injec-
tion layer 129.

[0124] As for an upper electrode, an IZO film having a film
thickness of 100 nm is formed using the sputtering method.
The IZO film functions as a second electrode 125, and it is an
amorphous oxide film. As for a target, a target having In/(In+
Zn)=0.83 is used. As for the film forming conditions, Ar:O,
mixed gas is used as an atmosphere, the degree of vacuum is
set equal to 0.8 Pa, and the sputtering output is set equal to 0.2
W/cm?. The second electrode 125 formed of the 1ZO film
functions as the anode, and its transmittance is 80%.

Second Comparative Example

[0125] For comparison with the sixth embodiment, an
organic light emitting display apparatus that does not use the
metal thin film 127 is fabricated. FIG. 7 shows results
obtained by evaluating the light emitting luminance of the

Jul. 1, 2010

display apparatuses fabricated according to the sixth embodi-
ment and the second comparative example. A voltage of 7V
is applied to elements in the display apparatus. In the display
apparatus according to the sixth embodiment, the metal thin
film is an Al film having a film thickness of 5 nm. It is found
that the display apparatus according to the sixth embodiment
has light emitting luminance as high as 1550 cd/m>. The
display apparatus according to the second comparative
example differs from the display apparatus according to the
sixth embodiment in that the metal thin film is not provided.
As aresult, light cannot be emitted. It is considered that the
surface of the first electrode is contaminated by wet etching or
the like. It is clarified that the light emission luminance is
improved by providing the metal thin film.

Seventh Embodiment

[0126] A seventh embodiment of the present invention will
now be described (not illustrated). The manufacturing
method is made similar to that in the second embodiment. The
display apparatus is manufactured by way of trial with differ-
ent thicknesses of the metal thin film as shown in FIG. 8 in
order to find an optimum thickness of the metal thin film. The
voltage applied to the elements is 7 V in any case. Elements
that are 0.1 nm or less in thickness of the metal thin film do not
emit light. It has been found that elements having light emis-
sion luminance of at least 1000 cd/m? are in the range of 0.2
to 130 nm in thickness of the metal thin film. In elements that
are atleast 140 nm in thickness of the metal thin film, the light
emission luminance falls and crosstalk occurs. The reason
will now be described. The lower part of the slope of the
insulation film bank has a reverse taper height of 200 nm. If
the thickness of the metal thin film becomes large, therefore,
a continuous film is formed on the lower electrode and the
insulation film bank.

Eighth Embodiment

[0127] An eighth embodiment of the present invention will
now be described (not illustrated). The manufacturing
method is made similar to that in the second embodiment. The
display apparatus is manufactured by way of trial with differ-
ent thicknesses of the metal thin film in order to find an
optimum thickness of the metal thin film. The voltage applied
to the elements is 7 V in any case. It has been found that the
light emission luminance is at least 1000 cd/m® and crosstalk
does not occur in elements having a thickness of the metal
thin film that is half or less of center line average roughness of
the top surface of the insulation film bank. In elements having
a thickness of the metal thin film that is at least half of center
line average roughness of the top surface of the insulation film
bank, the light emission luminance falls and crosstalk occurs.
The reason is that the metal thin film is not divided every pixel
provided that the thickness becomes large.

Ninth Embodiment

[0128] A ninth embodiment of the present invention will
now be described (not illustrated). The manufacturing
method is made similar to that in the second embodiment. The
display apparatus is manufactured by way of trial with differ-
ent thicknesses of the metal thin film in order to find an
optimum thickness of the metal thin film. The voltage applied
to the elements is 7 V in any case. It has been found that the
light emission luminance is at least 1000 cd/m? and crosstalk
does not occur in elements having a thickness of the metal
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thin film that is half or less of the height of a convex part
taking a shape of a cone, a pyramid, a dome, a column or a
pillar on the top surface of the insulation film bank. In ele-
ments having a thickness of the metal thin film that is at least
half of the height of a convex part taking a shape of a cone, a
pyramid, a dome, a column or a pillar on the top surface of the
insulation film bank, the light emission luminance falls and
crosstalk occurs. The reason is that the metal thin film is not
divided every pixel provided that the thickness becomes
large.

Tenth Embodiment

[0129] A tenth embodiment of the present invention will
now be described (not illustrated).

[0130] A thin film transistor is an amorphous silicon thin
film transistor. The manufacturing method of the thin film
transistor is the same as that in the third embodiment. As for
a second interlayer insulation film 119, a SiNx film is formed
using the chemical vapor deposition method. The film thick-
ness is 500 nm. On the second interlayer insulation film 119,
an Al film having a thickness of 150 nm is formed using the
sputtering method. A first electrode 115 is formed using the
photolithography method.

[0131] Subsequently, a positive type photosensitive protec-
tion film (PC452) made by JSR corporation is formed as an
insulation film bank 120 by using the spin coat method, and
baking processing is conducted.

[0132] Theinsulation film bank 120 formed of PC452 has a
film thickness of 1 um. The insulation film bank 120 covers
edges of the first electrode 115 by 3 pum.

[0133] Subsequently, an Al film is formed on the first elec-
trode 115 and the slope of the insulation film bank 120 as a
metal thin film 127 so as to have a thickness of 10 nm by using
the vacuum deposition method. Subsequently, the Al film
formed on the slope of the insulation film bank 120 as the
metal thin film 127 is cut using a laser.

[0134] Subsequently, a LiF film is formed on the metal thin
film 127 as an electron injection layer 124 so as to have a
thickness of 0.5 nm by using the vacuum deposition method.
A shadow mask is used to form a pattern.

[0135] An Alq film having a film thickness of 20 nm is
formed on the electron injection layer 124 by using the
vacuum deposition method. The Alq film functions as an
electron transportation layer 123. A shadow mask is used to
form a pattern. On the electron transportation layer 123, a
simultaneous deposited film of Alq and quinacridon having a
film thickness of 20 nm is formed by using the binary simul-
taneous vacuum deposition method. Deposition is conducted
by exercising control so as to attain a deposition rate of 40:1.
The simultaneous deposited film of Alq and quinacridon
functions as a light emitting layer 122. A shadow mask is used
to form a pattern.

[0136] Subsequently, an o.-NPD film having a film thick-
ness of 50 nm is formed using the vacuum deposition method.
A shadow mask is used to form a pattern. The deposition
region is determined by increasing each side of the lower
electrode by 1.2 times. This a-NPD film functions as a hole
transportation layer 121.

[0137] Subsequently, copper phthalocyanine having a film
thickness of 50 nm is formed using the vacuum deposition
method. A shadow mask is used to form a pattern. The depo-
sition region is determined by increasing each side of the
lower electrode by 1.2 times. This functions as a hole injec-
tion layer 129.
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[0138] As for an upper electrode, an IZO film having a film
thickness of 100 nm is formed using the sputtering method.
The IZO film functions as a second electrode 125, and it is an
amorphous oxide film. As for a target, a target having In/(In+
7Zn)=0.83 is used. As for the film forming conditions, Ar:O,
mixed gas is used as an atmosphere, the degree of vacuum is
set equal to 1 Pa, and the sputtering output is set equal to 0.2
W/em?®. The second electrode 125 formed of the In—Z7nO
film functions as the anode, and its transmittance is 80%.
[0139] Subsequently, a SiOxNy film having a film thick-
ness of 50 nm is formed using the sputtering method. The
SiOxNy film functions as a protection layer 126.

[0140] A panel is manufactured by way of trial as shown in
FIG. 10. Pixels 201 each incorporating a memory cell are
arranged to form a display region 202. In order to drive a
matrix, a shift register 204 is connected to data wiring and a
scanning drive circuit 203 is connected to scanning wiring. A
control signal for controlling the driving of these circuits and
display data are supplied via input wiring 205. Furthermore,
EL power supply wiring 210 and EL. common wiring 211 of
the pixels are collectively connected to a pixel power supply
206.

[0141] Thus, in the present embodiment, the metal thin film
127 is cut using the laser. Therefore, it becomes possible to
decrease the current driven by the thin film transistor and the
shift of the threshold voltage of the thin film transistor
because of prevention of crosstalk between a light emitting
part and adjacent pixels and high efficiency.

Eleventh Embodiment

[0142] An eleventh embodiment of the present invention
will now be described (not illustrated).

[0143] A thin film transistor is an amorphous silicon thin
film transistor. The manufacturing method of the thin film
transistor is the same as that in the third embodiment. As for
a second interlayer insulation film 119, a SiNx film is formed
using the chemical vapor deposition method. The film thick-
ness is 500 nm. On the second interlayer insulation film 119,
an Al film having a thickness of 150 nm is formed using the
sputtering method. A first electrode 115 is formed using the
photolithography method.

[0144] Subsequently, a positive type photosensitive protec-
tion film (PC452) made by JSR corporation is formed as an
insulation film bank 120 by using the spin coat method, and
baking processing is conducted. The insulation film bank 120
formed of PC452 has a film thickness of 1 pm. The insulation
film bank 120 covers edges of the first electrode 115 by 3 pm.
[0145] Subsequently, an Al film is formed on the first elec-
trode 115 and the slope of the insulation film bank 120 as a
metal thin film 127 so as to have a thickness of 10 nm by using
the vacuum deposition method. Subsequently, the Al film
formed on the slope of the insulation film bank 120 as the
metal thin film 127 is cut using an electron beam.

[0146] Subsequently, a LiF film is formed on the metal thin
film 127 as an electron injection layer 124 so as to have a
thickness of 0.5 nm by using the vacuum deposition method.
A shadow mask is used to form a pattern.

[0147] An Alq film having a film thickness of 20 nm is
formed on the electron injection layer 124 by using the
vacuum deposition method. The Alq film functions as an
electron transportation layer 123. A shadow mask is used to
form a pattern. On the electron transportation layer 123, a
simultaneous deposited film of Alq and quinacridon having a
film thickness of 20 nm is formed by using the binary simul-
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taneous vacuum deposition method. Deposition is conducted
by exercising control so as to attain a deposition rate of 40:1.
The simultaneous deposited film of Alq and quinacridon
functions as alight emitting layer 122. A shadow mask is used
to form a pattern.

[0148] Subsequently, an a.-NPD film having a film thick-
ness of 50 nm is formed using the vacuum deposition method.
A shadow mask is used to form a pattern. The deposition
region is determined by increasing each side of the lower
electrode by 1.2 times. This a-NPD film functions as a hole
transportation layer 121.

[0149] Subsequently, copper phthalocyanine having a film
thickness of 50 nm is formed using the vacuum deposition
method. A shadow mask is used to form a pattern. The depo-
sition region is determined by increasing each side of the
lower electrode by 1.2 times. This functions as a hole injec-
tion layer 129.

[0150] As for an upper electrode, an IZO film having a film
thickness of 100 nm is formed using the sputtering method.
The IZO film functions as a second electrode 125, and it is an
amorphous oxide film. As for a target, a target having In/(In+
7Zn)=0.83 is used. As for the film forming conditions, Ar:O,
mixed gas is used as an atmosphere, the degree of vacuum is
set equal to 1 Pa, and the sputtering output is set equal to 0.2
W/em?. The second electrode 125 formed of the In—ZnO
film functions as the anode, and its transmittance is 80%.
[0151] Subsequently, a SiOxNy film having a film thick-
ness of 50 nm is formed using the sputtering method. The
SiOxNy film functions as a protection layer 126.

[0152] A panel is manufactured by way of trial as shown in
FIG. 10. Pixels 201 each incorporating a memory cell are
arranged to form a display region 202. In order to drive a
matrix, a shift register 204 is connected to data wiring and a
scanning drive circuit 203 is connected to scanning wiring. A
control signal for controlling the driving of these circuits and
display data are supplied via input wiring 205. Furthermore,
EL power supply wiring 210 and EL. common wiring 211 of
the pixels are collectively connected to a pixel power supply
206.

[0153] Thus, in the present embodiment, the metal thin film
127 is cut using the electron beam. Therefore, it becomes
possible to decrease the current driven by the thin film tran-
sistor and the shift of the threshold voltage of the thin film
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transistor because of prevention of crosstalk between a light
emitting part and adjacent pixels and high efficiency.

[0154] It becomes possible to implement a highly efficient
thin light emitting display apparatus by using the present
invention. The light emitting display apparatus according to
the present invention can be utilized as a display apparatus in
TV sets and various information terminals.

[0155] It should be further understood by those skilled in
the art that although the foregoing description has been made
on embodiments of the invention, the invention is not limited
thereto and various changes and modifications may be made
without departing from the spirit of the invention and the
scope of the appended claims.

1-11. (canceled)

12. An organic light emitting display apparatus compris-
ing:

a substrate;

a first electrode;

an insulation film bank formed so as to cover edges of said

first electrode;

a metal thin film formed on said first electrode and said

insulation film bank;

an organic light emitting layer; and

a second electrode, disposed in a cited order,

wherein a part of a top face of said insulation film bank

takes an uneven shape.

13. An organic light emitting display apparatus according
to claim 12, wherein the uneven shape has center line average
roughness in a range of 1 to 1000 nm.

14. An organic light emitting display apparatus according
to claim 13, wherein said metal thin film has a film thickness
that is half or less of the center line average roughness.

15. An organic light emitting display apparatus according
to claim 12, wherein the uneven shape has a convex part
taking a shape of a cone, a pyramid, a dome, a column or a
pillar that is at least 1 nm in height.

16. An organic light emitting display apparatus according
to claim 15, wherein the metal thin film has a film thickness
that is equal to half or less of the height of the convex part
taking the shape of a cone, a pyramid, a dome, a column or a
pillar.

17-20. (canceled)
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