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(7) ABSTRACT

The present invention is equipped with: a substrate (10) that
has a surface upon which a drive circuit containing a TFT
(20) is formed; a planarization film (30) that makes the
surface of the substrate planar by covering the drive circuit;
and an organic light-emitting element (40) that is provided
with a first electrode (41) formed upon the surface of the
planarization film and connected to the drive circuit, an
organic light-emitting layer (43) formed upon the first to
electrode, and a second electrode (44) formed upon the
organic light-emitting layer. In addition, the planarization
film has a two-layer structure comprising an inorganic
insulating film (31) and an organic insulating film (32) that
are layered upon the TFT, a conductor layer containing a
titanium layer and a copper layer is embedded in the interior
of a contact hole, and the first electrode is formed electri-
cally connected to the conductor layer.
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FIG. 2A
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FIG. 2B
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ORGANIC EL DISPLAY APPARATUS AND
MANUFACTURING METHOD THEREFOR

TECHNICAL FIELD

[0001] The present invention relates to an organic EL
display apparatus and a manufacturing method thereof.

BACKGROUND ART

[0002] In recent years, there has been a tendency for
organic EL display apparatuses to be adopted in large-sized
televisions and mobile devices. An organic EL display
apparatus is configured with a drive circuit being formed in
a region of each pixel, the drive circuit using a thin film
transistor (also called TFT below) as active elements such as
a switching element and a drive element, and an organic
light emitting element of each pixel being formed thereon so
as to be connected to the TFT. The types of organic EL
display apparatuses comprise a top emission type with the
top surface of a light emitting element as a display surface
and a bottom emission type with the rear surface of an
insulating substrate as a display surface. With the top
emission type, regardless of a display region of the organic
light emitting element, the previously described drive circuit
is formed at a lower portion of the display region. On the
other hand, with the bottom emission type, the drive circuit
is formed at the peripheral edge of the display region.
Therefore, with a small-sized organic EL display apparatus
such as a mobile device in which space forming the drive
circuit is small, the top emission type, or a configuration in
which the drive circuit such as the TFT is formed at a lower
portion of the almost entire surface of display region, is
frequently used. On the other hand, the bottom emission
type is suitable for a large-sized television with some room
for space between pixels.

[0003] When the drive circuit including TFT is formed,
the surface thereof becomes uneven. As the organic light
emitting element is formed thereon, a planarizing layer is
formed by covering over the drive circuit with a resin
material. In this way, the surface is planarized. In the prior
art, this planarizing layer is obtained by, forming an inor-
ganic insulating layer to be a barrier layer after the TFT is
formed, and forming a contact hole for connecting the
previously described organic light emitting element and the
TFT by a photolithography process, and forming a photo-
sensitive organic insulating layer on the inorganic insulating
layer being formed with the contact hole, and forming a
contact hole by photolithography process and wet develop-
ment. In this way, the organic insulating layer is formed to
planarize unevenness of the surface due to forming of the
TFT.

[0004] Patent document 1 discloses a TFT and a manu-
facturing method thereof to achieve both a small occupation
area and excellent transistor characteristics, the TFT and the
manufacturing method being suitable for a switching ele-
ment for each pixel of an active matrix type display appa-
ratus. Therein, multi-layer TFTs are integrally formed ver-
tically by forming TFTs having the same configuration via
an interlayer insulating layer whose surface unevenness is
made to be no more than 20 nm by a CMP process. In other
words, in forming multi-layer fine TFTs, the planarity of the
surface of the interlayer insulating layer between the multi-
layer TFTs requires to be made in no more than 20 nm to
deal with a small depth of focus. Therefore, this planarizing
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is different from an intent to planarize an organic insulating
layer which is an under layer for an organic light emitting
device over the TFT.

PRIOR ART DOCUMENT

Patent Document

[0005] Patent Document 1: JP 2017-011173A
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0006] On the other hand, in a case of visually recognizing

an organic EL display apparatus, depending on a pixel,
chromaticity unevenness or luminance unevenness can
occur to cause the visual recognition characteristics to be
reduced. As a result of repeatedly making a diligent study on
a cause by which chromaticity unevenness or luminance
unevenness occurs, the present inventor has found that it is
caused by a case of insufficient electric connection between
a first electrode of an organic light emitting element and a
drive circuit in which contact (connection) resistance
increases, causing current to not flow sufficiently, and by a
case of the lack of planarity of the surface of the organic
light emitting layer.

[0007] Thereis a problem that display definition decreases
when display unevenness caused by luminance unevenness
and/or chromaticity unevenness as described previously
occurs, even in a case that there is no obvious display defect
such as a non-lighted region, an always-lighted region, or a
bright line in a display screen of a display apparatus.
[0008] Moreover, in a conventional organic light emitting
element, it is practiced to increase a light emitting output by
making a microcavity by providing a layer with a large
reflectance on a surface of the organic light emitting layer.
In this case, when the previously described planarity reduc-
tion occurs, there occurs unevenness on the surface of the
organic light emitting layer, and thereby, unevenness is
formed even on the reflective layer, so that a light from the
organic light emitting layer reflects irregularly, and it is not
possible to effect a complete resonator. Therefore, there is a
problem that, it is not possible to obtain an increase in
output.

[0009] On the other hand, in the present invention, as it is
not an object to manufacture a multi-layer fine TFT, it is not
required to form a strict surface planarity at no more than 20
nm as disclosed in the previously described Patent document
1. It suffices to have such a planarity degree that light
emitted from the organic light emitting layer enters substan-
tially to the front surface of the display with a peak in about
the center.

[0010] An object of the present invention being made in
view of such circumstances as described above is to provide
an organic EL display apparatus and a manufacturing
method thereof in which chromaticity unevenness and/or
luminance unevenness of an organic EL display apparatus is
suppressed to improve display definition.

Means to Solve the Problem

[0011] An organic EL display apparatus according to one
embodiment of the present invention comprises:

[0012] a substrate having a surface on which a drive
circuit comprising a thin film transistor is formed,
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[0013] a planarizing layer to cover the drive circuit to
planarize the surface of the substrate; and

[0014] an organic light emitting element having a first
electrode, the first electrode being formed on a surface of the
planarizing layer and connected to the drive circuit, an
organic light emitting layer, the to organic light emitting
layer being formed on the first electrode, and a second
electrode, the second electrode being formed on the organic
light emitting layer,

[0015] wherein the planarizing layer comprises a two-
layer structure comprising an inorganic insulating layer and
an organic insulating layer, and

[0016] wherein a conductor layer comprising a titanium
layer and a copper layer is embedded at an interior of a
contact hole, and the first electrode is formed so as to
electrically connect to the conductor layer.

[0017] A method of manufacturing an organic EL display
apparatus according to another embodiment of the present
invention comprises:

[0018] forming, on a substrate, a drive circuit comprising
a thin film transistor;

[0019] forming, on a surface of the drive circuit, a pla-
narizing layer comprising an inorganic insulating layer and
an organic insulating layer, and then forming, at the pla-
narizing layer, a contact hole exposing a part of the thin film
transistor;

[0020] forming, on an inner surface of the contact hole and
a surface of the organic insulating layer, a conductor layer
comprising a titanium layer and a copper layer;

[0021] removing the conductor layer from the surface of
the organic insulating layer by polishment, and then pla-
narizing the surface, exposed by removing the conductor
layer, of the organic insulating layer by chemical mechanical
polishing (CMP);

[0022] forming, on a surface polished by CMP of the
organic to insulating layer, a first electrode so as to be
connected to the conductor layer formed at an interior of the
contact hole;

[0023] forming an organic light emitting layer on the first
electrode; and
[0024] forming a second electrode on the organic light

emitting layer.

Effects of the Invention

[0025] According to embodiments of the present inven-
tion, it is ensured that the electrical connection be made
between the drive circuit and the organic light emitting
element regardless of the pixel, and also the electrical
connection is made at a low resistance, so that each pixel
emits light uniformly at a high luminance. Moreover, the
surface of the planarizing layer is planarized to form the first
electrode of the organic light emitting element on the surface
thereof by sputtering or the like, so that the surface of the
organic light emitting layer is also planar and there is no
inclined surface due to unevenness of the light emitting
surface even when viewed microscopically, so that light at
the center of light emission is emitted toward the display
screen. Therefore, luminance unevenness and/or chromatic-
ity unevenness is suppressed, making it possible to substan-
tially increase the display definition of the organic EL
display apparatus.

May 28, 2020

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG. 1 shows a cross-sectional view of an organic
EL display apparatus according to one embodiment of the
present invention.

[0027] FIG. 2A shows a flowchart of manufacturing pro-
cesses of the organic EL display apparatus according to
Example 1 in FIG. 1.

[0028] FIG. 2B shows a flowchart to describe, in further
detail, the processes of FIG. 2A.

[0029] FIG. 3A shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 1 in FIG. 1.

[0030] FIG. 3B shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 1 in FIG. 1.

[0031] FIG. 3C shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 1 in FIG. 1.

[0032] FIG. 3D shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 1 in FIG. 1.

[0033] FIG. 3E shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 1 in FIG. 1.

[0034] FIG. 3F shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 1 in FIG. 1.

[0035] FIG. 3G shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 1 in FIG. 1.

[0036] FIG. 4A shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 2 in FIG. 1.

[0037] FIG. 4B shows a cross-sectional view of the manu-
facturing processes of the organic EL display apparatus
according to Example 2 in FIG. 1.

EMBODIMENT FOR CARRYING OUT THE
INVENTION

[0038] An organic EL display apparatus being one
embodiment of the present invention will be described
below with reference to the drawings. FIG. 1 schematically
shows a cross-sectional view of what corresponds to one
pixel (while it, more strictly, refers to sub-pixels of red,
green, and blue in one pixel), the present specification can
also include these sub-pixels to refer thereto.

[0039] An organic EL display apparatus according to one
embodiment of the present invention, as shown in FIG. 1
showing an explanatory view of a cross section thereof,
comprises a substrate 10 having a surface on which a drive
circuit comprising a thin film transistor (TFT) 20 is formed,
a planarizing layer 30 to cover the drive circuit to planarize
the surface of the substrate 10; and an organic light emitting
element 40 having a first electrode 41, the first electrode 41
being formed on the surface of the planarizing layer 30 and
connected to the drive circuit, an organic light emitting layer
43, the organic light emitting layer 43 being formed on the
first electrode 41, and a second electrode 44, the second
electrode 44 being formed on the organic light emitting layer
43. Then, the planarizing layer 30 comprises a two-layer
structure comprising an inorganic insulating layer 31 and an
organic insulating layer 32, the inorganic insulating layer 31
and the organic insulating layer 32 being deposited on the
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TFT 20, and has a conductor layer 410 being embedded at
the interior of a contact hole 30qa, the conductor layer 410
comprising a titanium layer 411 (below also called Ti) and
a copper layer 412 (below also called Cu), the first electrode
41 being formed in electrical connection to the conductor
layer 410.

[0040] In other words, the organic EL display apparatus
according to the present embodiment is characterized in that
the conductor layer 410 being embedded at the interior of the
contact hole 30a to connect to a source electrode 25 of the
TFT 20 is formed of the Ti layer 411, and the Cu layer 412
being formed by electroplating with the Ti layer 411 thereof
as a conducting layer, and that the first electrode 41 of the
organic light emitting element 40 is formed by being con-
nected to the conductor layer 410 thereof. The Ti layer is
formed by sputtering, for example, so that, even with some
stepped portions or unevenness, it adheres to the inner
surface of the contact hole 30a. Therefore, when electro-
plating is applied, passing current to the Ti layer 411 thereof
causes copper to be precipitated on the entirety of the surface
thereof. As a result, even with a small contact hole, copper
is precipitated also on the entirety of the surface thereof and
at the entire interior of the contact hole 30a, causing the
interior of the contact hole 30a to be embedded with copper.
As a result, even when there are stepped portions in the
contact hole 30a or even when a metal layer is formed at the
interior of the contact hole 304 to cause the contact hole 30a
to be smaller, copper is embedded on the entire surface of
the interior thereof without any gaps. Even more, copper has
a small electric resistance, so that the TFT 20 and the first
electrode 41 are to be connected via the conductor layer 410
being very good in conductivity.

[0041] As described previously, as a result of repeatedly
making a diligent study on a cause by which chromaticity
unevenness and/or luminance unevenness of the organic EL
display apparatus occurs, the present inventor has found that
it is caused by a case occurring in which the conductor layer
410 at the interior of the contact hole 30a connecting the
TFT 20 of the drive circuit and the first electrode 41 of the
organic light emitting element 40 is not formed at a low
resistance, the conductor layer 410 and the first electrode 41
are not connected at a low resistance, and, moreover, there
is unevenness on the surface of the organic light emitting
layer 43, so that, microscopically, the surface of the organic
light emitting layer 43 is inclined to be not completely
planar, so that it is partly inclined when viewed microscopi-
cally, and, where it is inclined, the normal direction of the
surface of the organic light emitting layer 43 is inclined
relative to the normal direction of the display surface. In
other words, a resistance at the connecting portion causes a
loss of current to reduce luminance and a surface being
inclined toward a light emitting surface, when visually
recognized from a direction perpendicular to the display
surface, causes recognition of light of a pixel for which an
emitted light travels in an oblique direction to be difficult,
causing a reduction in luminance or a change in colors of
mixed colors. In other words, light emitted having maximum
luminance in the normal direction thereof will have lumi-
nance thereof decreasing as it is inclined relative to the
normal direction. With a small-sized display apparatus such
as a smartphone, the size of this sub-pixel is very small with
one side of a few tens of pm. Therefore, even with slight
unevenness, light emitted toward the front becomes to very
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weak for a sub-pixel having unevenness on the surface of the
organic light emitting layer 43.

[0042] In the prior art, as a countermeasure for such
chromaticity unevenness and/or luminance unevenness,
with a TFT for compensation being built in the display
region and/or at the outer edge of the display panel, lumi-
nance of a pixel with chromaticity unevenness and/or lumi-
nance unevenness is adjusted using a circuit in an inspection
after development into a product. Therefore, there is also a
problem that the drive circuit increases in complexity.
[0043] Describing in more detail, the TFT 20 and the first
electrode 41 in the prior art are connected by embedding,
using sputtering or vacuum deposition, an ITO layer and
silver (also called Ag below) at the interior of a contact hole
formed at a planarizing layer. However, the diameter of this
contact hole is small at around 5 pm, for example. Even
more, with the planarizing layer being formed with at least
a two-layer structure comprising an inorganic insulating
layer and an organic insulating layer, even when the two
layers are etched simultaneously, the etching rate differs
between the inorganic insulating layer and the organic
insulating layer, so that a stepped portion or an undercut
portion is likely to be created at the interface thereof. Even
when a photosensitive resin is used for the organic insulating
layer to separately form the contact hole of the inorganic
insulating layer and the contact hole of the organic insulating
layer, it is difficult for the contact hole patterns to match
completely, so that a stepped portion is likely to be created.
When this contact hole is embedded with ITO, and Ag or
APC by sputtering or vacuum deposition, it becomes more
difficult for a metal to enter into the interior of the contact
hole as the hole becomes smaller. The present inventor has
found that, as a result, the number of air gaps can increase,
and electric resistance between the source electrode of the
TFT and the first electrode of the organic light emitting
element can increase. The present inventor has found that
luminance of such a pixel with an increased electric resis-
tance decreases, causing luminance unevenness.

[0044] Moreover, as described previously, the organic
light emitting element is formed on a planarizing layer to
planarize the surface, the planarizing layer being formed on
a TFT with which a drive circuit is formed. The surface of
the above-mentioned organic insulating layer is more or less
planar, which is considered in the prior art to be not
problematic. However, as a result of repeatedly making a
diligent study thereon, the present inventor has found that,
even when a non-photosensitive resin is used, the surface of
the organic insulating layer has the arithmetic average
roughness Ra of approximately 100 to 300 nm, and, with the
photosensitive resin conventionally used in general, further
unevenness occurs relative to the non-photosensitive resin,
so that, when the organic light emitting layer and an elec-
trode of the organic light emitting element are formed on the
above-mentioned surface, the surface of the organic light
emitting layer also has the surface roughness of the same
magnitude. When unevenness occurs on the surface of the
organic light emitting layer, the orientation in which light
travels as viewed microscopically varies. Therefore, it is
found that, when the display screen is viewed from the front,
it becomes more difficult to visually recognize light travel-
ling in an oblique direction, causing chromaticity uneven-
ness and/or luminance unevenness to occur.

[0045] Thus, the present inventor has found that the con-
ductor layer 410 to be embedded at the interior of the contact
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hole 30a can be formed with the Ti layer 411 formed by
sputtering and the Cu layer 412 formed using electroplating
with this Ti layer 411 as a seed layer to completely embed
a conductor at the interior of the contact hole 304 and at a
low resistance. In other words, even when the Ti layer 411
is formed at the interior of the contact hole 30a using
sputtering, being at an initial phase in which a metal layer is
formed at the interior of the contact hole 304, the contact
hole 30a is also uniformly formed in a large size, and,
thereafter, being a Cu layer using electroplating, even when
the contact hole 30a becomes smaller, a plating solution
tends to soak thereinto, and the Cu layer 412 is also
uniformly formed on the entire surface thereof. The Ti layer
411 has a function of preventing Cu from entering into the
TFT 20.

[0046] This Ti layer 411 is formed by sputtering, so that it
is formed not only at the interior of the contact hole 30a, but
also on the organic insulating layer 32. Therefore, the
conductor layer 410 formed on the surface of the organic
insulating layer 32 needs to be removed. However, the Cu
layer 412 being chemically stable is difficult to be etched. On
the other hand, as described previously, the present inventor
has found that planarity of the surface of this organic
insulating layer 32 is also a cause for display unevenness
such as luminance unevenness. Therefore, the copper layer
412 formed on this organic insulating layer 32 is removed by
polishment and, moreover, the organic insulating layer 32
being exposed is also polished by polishing of the copper
layer 412 and the Ti layer 411. At to that time, as described
previously, the surface having fine unevenness can be pol-
ished to the surface roughness of no more than 50 nm in
arithmetic average roughness Ra to suppress chromaticity
unevenness and/or luminance unevenness due to the previ-
ously described surface roughness. In other words, the
present embodiment is characterized in that a metal to be
embedded at the interior of the contract hole 30a is formed
with the Ti layer 411 and the copper layer 412 and that, more
preferably, the surface of the planarizing layer 30 is polished
and formed to the arithmetic average roughness Ra of no
more than 50 nm.

[0047] It has been found that, while smaller the surface
roughness the more preferable, as shown in the previously-
mentioned Patent document 1, it is not necessarily to provide
planarity of 20 nm or below, so that, even when the
arithmetic average roughness Ra is no less than 20 nm,
almost no chromaticity unevenness or luminance uneven-
ness occurs as long as the connection resistance is suffi-
ciently small in a stable manner. In other words, as no lower
limit is set since smaller the surface roughness the more
preferable, however polishing tasks become cumbersome to
reduce the surface roughness, so that it is preferable to have
a surface roughness of 20 nm or more and 50 nm or less.

(Structure of Organic EL Display Apparatus)

[0048] The organic EL display apparatus shown in FIG. 1
is specifically described below.

[0049] In a case of a bottom emission type in which a
display image is visually recognized with a substrate surface
as a display surface, the substrate 10 needs to transmit light
emitted by the to organic light emitting layer 43, so that an
insulating substrate of a light transmitting material is used.
More specifically, a glass substrate or a resin film such as
polyimide is used. The resin film can be used to make the
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organic EL display apparatus flexible, also making it pos-
sible to bond it onto a curved surface.

[0050] While not required in a case that the substrate 10 is
a glass substrate, a basecoat layer 11 is formed in a case that
the substrate 10 is a resin film such as polyimide since the
surface is not crystalline and is prone to react with a
semiconductor layer. As the basecoat layer 11, a deposited
body is formed with SiO, having the thickness of approxi-
mately 500 nm, SiN, having the thickness of approximately
50 nm, and Si0O, having the thickness of approximately 250
nm, using a plasma CVD, for example.

[0051] A drive circuit comprising the TFT 20 is formed on
the basecoat layer 11. While only a cathode line 27 is shown
in FIG. 1, other gate and signal lines are also formed in a
similar manner. Then, the TFT 20 is formed on the basecoat
layer 11. While only the TFT 20 to drive the light emitting
element 40 is shown in FIG. 1, other TFTs such as other
switching TFTs are also formed in a similar manner. In a
case of the organic EL display apparatus being the top
emission type with a surface opposite to the substrate 10 as
a display surface, this drive circuit can be formed over the
entire surface lower to the light emitting region of the light
emitting element 40. However, in a case of the bottom
emission type with a surface facing the substrate 10 as a
display surface, the TFT cannot be formed lower to the light
emitting region of the light emitting element 40. Therefore,
the TFT needs to be formed at the peripheral edge of a
portion planarly overlapping the light emitting region. In
this case, an inclined surface is created at a border portion
between the peripheral edge at which the TFT or line is
formed and the lower portion of the light emitting region at
which the TFT is not formed, causing unevenness to occur
at the peripheral edge of the light emitting region and display
definition to deteriorate. Therefore, even with the bottom
emission type, the same planarity is demanded. While
capacitors are also formed at the respective pixels, they do
not cause slight unevenness even when they are formed
lower to the light emitting region since the area is large and
the thickness is small.

[0052] The TFT 20 is formed with a semiconductor layer
21 having a source 21s, a channel 21¢, and a drain 214, as
well as a gate insulating layer 22, a gate electrode 23, an
interlayer insulating layer 24, a source electrode 25, and a
drain electrode 26. The gate insulating layer 22 comprises
Si0O, with the thickness of approximately 50 nm, while the
gate electrode 23 is formed by patterning after Mo with the
thickness of approximately 250 nm is formed. Thereon, a
drive circuit comprising the TFT 20 is formed by the
interlayer insulating layer 24 comprising an SiO, layer with
the thickness of approximately 300 nm and an SiN, layer
with the thickness of approximately 300 nm being formed,
and the source electrode 25 and the drain electrode 26 being
formed so as to be connected to the source 21s and the drain
21d. Before the interlayer insulating layer 24 is formed, the
cathode line 27 and the electrode connecting portion of the
source 21s and the drain 21d are doped with boron and
leading to increased concentration (p'), and activated by
annealing. More particular structures will be described in
particular examples of the to below described manufacturing
method. While the example shown in FIG. 1 shows a top
gate structure in which the gate electrode 23 is formed at a
portion opposing the substrate 10 of the semiconductor layer
21, the same also applies to a bottom gate structure in which
the gate electrode 23 is formed on the substrate 10.
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[0053] On the surface of the drive circuit comprising this
TFT 20 is formed the planarizing layer 30 comprising the
inorganic insulating layer 31 comprising SiN, having the
thickness of approximately 200 nm as a barrier layer and the
organic insulating layer 32 comprising a polyimide or
acrylic resin, having the thickness of approximately 2 pm,
for example. The contact hole 30a is formed in this pla-
narizing layer 30, the conducting layer 410 being formed at
the interior of the contact hole 30a. This contact hole 30a
can be formed in a collective manner with respect to the
inorganic insulating layer 31 and the organic insulating layer
32, or, as described below, in the inorganic insulating layer
31, a first contact hole 30a/ can be formed, after which the
organic insulating layer 32 being photosensitive can be
formed and then a second contact hole 3042 can be formed
to overlap the first contact hole 30al by exposure and
development, resulting in the contact hole 30a.

[0054] The conductor layer 410 is formed of the Ti layer
411 having the thickness of approximately 25 to 100 nm, and
the Cu layer 412 having the thickness of approximately 1000
to 2000 nm. The Ti layer 411 is formed on the whole surface
by sputtering or the like, so that it is formed without any gap
even when there is a stepped portion at the interior of the
contact hole 30a. The Cu layer is formed by electroplating
the Ti layer 411 as a current supplying layer (a seed to layer).
Therefore, even when there is a stepped portion at the
interior of the contact hole 30q, the conductor layer 410
being of a low resistance is formed continuously. The
conductor layer 410 formed on the organic insulating layer
32 is removed by polishment such as CMP, and, moreover,
the surface of the organic insulating layer 32 is also polished.
The above-mentioned polishing is preferably conducted to
the planarity of not more than the arithmetic average rough-
ness Ra of 50 nm.

[0055] The first electrode 41 for the organic light emitting
element 40 is formed by forming an Ag layer 413 or an APC
(Ag—Pd—Cu alloy) layer at the thickness of approximately
100 nm by sputtering or the like on the above-mentioned
planarized surface of the planarizing layer 30, and further
forming an ITO layer 414 on the surface thereof, after which
the first electrode 41 is formed by patterning with a photo-
lithography process. This first electrode 41 is not constrained
to be formed on the planarizing layer 30 in which the contact
hole 30¢ is not formed. In other words, while a concavity
with a recess of the contact hole 30a is normally created in
the conductor layer 410 formed on contact hole 30a, the
above-mentioned concavity portion is also polished to be
planar by the previously described polishing. Therefore,
even when the first electrode 41 is formed on the conductor
layer 410 embedded at the interior of this contact hole 30q,
the planarity of the surface of the first electrode 41 maintains
the planarity of the polished surface of the organic insulating
layer 32. As a result, there are no problems even when this
contact hole 30 is formed lower to the light emitting region
of the organic light emitting element 40. Rather, on the
conductor layer 410 embedded at the interior of this contact
hole to 30a is formed the first electrode 41 and then the
organic light emitting element 40, causing advantages to be
realized of a smaller electric resistance between the first
electrode 41 and the conductor layer 410, an increased
degree of freedom of arrangement of the TFT 20 of the drive
circuit and the organic light emitting element 40 making up
a pixel to increase, the pixel size and pixel pitch to be
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smaller, and obtaining of a very fine organic EL display
apparatus having a good display definition.

[0056] This Ag or APC is very well adapted to and well
bonded with Cu of the conductor layer 410. Even more, as
Ag has a good light reflecting property, light emitted by the
organic light emitting element 40 is reflected on a surface
opposite to the substrate 10, possibly resulting in a display
apparatus having large luminance as the top emission type.
Moreover, the ITO formed on the surface of Ag or APC,
being light transmitting and formed with a material whose
work function is approximately 5 eV, improves the positive
hole injectability with respect to the organic light emitting
layer 43. In a case of the first electrode (anode) 41 being the
bottom emission type, the ITO layer is formed with the
thickness of approximately 300 nm to 1 um. At the periph-
eral edge of the first electrode 41 is partitioned each pixel
and formed an insulating bank 42 made of an insulating
material for achieving insulation between the anode and
cathode and on the first electrode 41 surrounded by the
above-mentioned insulating bank 42 is deposited an organic
light emitting layer 43.

[0057] The organic light emitting layer 43 is deposited on
the first electrode 41 being surrounded by the above-men-
tioned insulating bank 42 and exposed. This organic light
emitting layer 43 being shown as one layer in FIG. 1 is
formed of a plurality of layer with various materials being
deposited. Moreover, this organic light emitting layer 43 is
susceptible to water and cannot be patterned after being
formed on the whole surface, so that, using a deposition
mask, an evaporated or sublimed organic material is selec-
tively deposited only on a portion necessary. Alternatively,
the organic light emitting layer 43 can be formed by printing.
[0058] Specifically, a positive hole injection layer made of
amaterial well adapted to ionization energy being capable of
improving the positive hole injectability can be provided as
a layer in contact with the first electrode (anode electrode)
41, for example. On this positive hole injection layer is
formed, with an amine-based material, for example, a posi-
tive hole transport layer capable of confining electrons
within the light emitting layer (i.e., as an energy barrier) as
well as improving stable transport of positive holes. More-
over, a light emitting layer to be selected in accordance with
the light emitting wavelength is formed thereon using Alq,
being doped with a red or green organic fluorescent material
for red or green light emission, for example. Moreover, a
DSA-based organic material is used as a blue color-based
material. On the other hand, for coloring using a color filter
(not shown), all of the light emitting layers can be formed
with the same material without any doping. On the light
emitting layer is further formed, using Alq,, an electron
transport layer capable of stably transporting electrons as
well as improving the electron injectability. These layers,
each having several tens of nm in thickness, are deposited to
form deposited layers being the organic light emitting layer
43. An electron injection layer capable of to improving the
electron injectability, such as LiF or Liq, can also be
provided between this organic light emitting layer 43 and the
second electrode 44. While this is not an organic layer, it is
comprised within the organic light emitting layer 43 in the
present specification since it is to emit light by an organic
layer.

[0059] As described previously, an organic material being
a material according to each color of R, G, or B can be
deposited not onto the light emitting layer of the deposited
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layers being the organic light emitting layer 43, but onto a
color display apparatus using a color filter. In other words,
the light emitting layer can be formed with the same organic
material, and a color of light emitted can be specified using
a color filter (not shown). Moreover, in view of emphasizing
the light emitting performance, the positive hole transport
layer and the electron transport layer are preferably depos-
ited separately with a material suitable for the light emitting
layer. However, taking into account the aspect of material
cost, the same material common to two or three colors of R,
G, and B can also be used for depositing.

[0060] After all of the deposited layers of the organic light
emitting layer 43 including the electron injection layer such
as an LiF layer are formed, the second electrode 44 is formed
on the surface thereof. More specifically, the second elec-
trode 44 (for example, a cathode) is formed on the organic
light emitting layer 43. This second electrode s (cathode) 44
is continuously formed in common over the entire pixels.
This cathode 44 is connected to the cathode line 27 via the
second contact 45 formed at the planarizing layer 30 and the
first contact 28 formed at the insulating layer 22, 24 of the
TFT 20. The second electrode 44, being formed with a light
transmitting material (e.g., a to thin film Mg—Ag eutectic
layer), is susceptible to cortosion with moisture, so that it is
encapsulated with an encapsulation layer 46 being provided
on the surface thereof. The cathode material is preferably a
material whose work function is small, so that an alkaline
metal or an alkaline earth metal can be used. While Mg,
whose work function is small at 3.6 €V, is preferable, it is
active and not stable, so that it is co-deposited with approxi-
mately 10 mass % of Ag, whose work function is 4.25 eV.
Al, whose work function is also small at approximately 4.25
eV, can also be used as a cathode material with LiF being
used as the under layer. Therefore, with the bottom emission
type, Al can be formed thickly in this second electrode 22.
[0061] The encapsulation layer (TFE: Thin Film Encap-
sulation) 46, comprising an inorganic insulating layer such
as SiN, or SiO,, for example, can be formed with one
deposited layer or with at least two deposited layers. For
example, it is formed with a deposited layer having the
thickness of one layer of approximately from 0.1 pm to 0.5
um, for example, and, preferably, with deposited layers of
approximately two layers. This encapsulation layer 46 is
preferably formed in a plurality of layers, each with different
materials. Even when pin holes are created by the encapsu-
lation layer 46 being formed with a plurality of layers, the
pin holes seldom match completely in the plurality of layers,
so that the encapsulation layer 46 is completely shielded
from outer air. As described previously, this encapsulation
layer 46 is formed so as to completely encapsulate the
organic light emitting layer 43 and the second electrode 44.
An organic insulating layer can further be formed at the
interface of the inorganic insulating layer being two layers.

(Method of Manufacturing Organic EL Display Apparatus)

Example 1

[0062] A method of manufacturing the organic EL display
apparatus shown in FIG. 1 is described with reference to
flowcharts in FIGS. 2A to 2B and manufacturing processes
in FIGS. 3A to 3G below.

[0063] First, as shown in FIG. 3A, a drive circuit com-
prising a TFT 20 is formed on a substrate 10 (S1 in FIG. 2A).
More specifically, as shown with the flowchart in FIG. 2B,

May 28, 2020

a basecoat layer 11 is formed on the substrate 10 (S11). The
basecoat layer 11 is formed by, using plasma CVD, for
example, an Si0, layer with the thickness of approximately
500 nm, and forming thereon an SiN, layer with the thick-
ness of approximately 50 nm to deposit the lower layers, and
further depositing the SiO, layer with the thickness of 250
nm as an upper layer thereof.

[0064] Thereafter, on the basecoat layer 11 is formed a
semiconductor layer 21 comprising an amorphous silicon
(a-Si) layer by reduced pressure plasma CVD, for example.
(S12). Thereafter, an annealing process is conducted for
approximately 45 minutes at approximately 450 degrees
Celsius under nitrogen atmosphere, for example, to produce
polycrystalline silicon (LTPS: low temperature polysilicon)
(513).

[0065] Subsequently. a resist mask is formed by a photo-
lithography process, a semiconductor layer 21 is patterned
by dry etching, and lines such as a cathode line 27 and the
semiconductor layer 21 of a portion to be the TFT 20 is
formed (S14). Thereafter, a gate insulating layer 22 is
formed (S15). The gate insulating layer 22 is formed by
depositing SiO, with the thickness of approximately 50 nm
by plasma CVD.

[0066] Thereafter, using reduced pressure plasma CVD,
for example, a metal layer such as molybdenum (Mo) is
formed with the thickness of approximately 250 nm, and,
using a photolithography process, patterned by applying dry
etching after forming a resist mask to form a gate electrode
23 (S16).

[0067] Thereafter, a source 21s and a drain 214 are formed
in the semiconductor layer 21. More specifically, for
example, after the semiconductor layer is doped with boron
(B+), it is subjected to an annealing process for approxi-
mately 45 minutes at approximately 350 degrees Celsius,
leading to formation of the source 21s and the drain 21d
being at a low resistance (S17). As the gate electrode 23
serves as a mask, boron ions are not injected into a channel
21c, but are injected only into the source 21s and the drain
214, so as to cause the source 21s and the drain 21d to be at
a low resistance.

[0068] Thereafter, an interlayer insulating layer 24 is
formed on the whole surface thereof and a contact hole 24a
exposing a part of the source 21s and the drain 214 is formed
(S18). Using plasma CVD, for example, the interlayer
insulating layer 24 is formed with deposited layers of a
lower layer comprising of mainly SiO,, the lower layer
having the thickness of approximately 300 nm, and an upper
layer comprising of mainly SiN,, the upper layer having the
thickness of approximately 300 nm. The contact hole 24a is
formed by forming a mask through forming of a resist layer
and a photolithography process and applying wet etching.

[0069] Thereafter, a metal is formed as a layer to cause a
metal to to be embedded at the interior of the contact hole
24a and the metal layers of the source electrode 25 and the
drain electrode 26 are formed on the surface of the interlayer
insulating layer 24 (S19). The source electrode 25 and the
drain electrode 26 are formed by, using sputtering, for
example, depositing approximately 300 nm of Ti layer and
approximately 300 nm of Al layer, and depositing thereon
100 nm of Ti. By patterning the metal layers formed on the
interlayer insulating layer 24 using the photography process
and wet etching in the same manner as described previously,
the source electrode 25 and the drain electrode 26 respec-
tively connected to the source 21s and the drain 21d of the
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semiconductor layer 21 are formed. A first contact 28
connected to the cathode line 27 is formed using entirely the
same method with the same processes as forming this source
electrode 25 and drain electrode 26.

[0070] Using the above-described processes, a drive cir-
cuit comprising a TFT 20 of the top gate type using a top
contact type LTPS, or, in other words, a portion called a
backplane is formed. However, the TFT 20 is not limited to
this structure, so that it can be used with the top gate type
using the bottom contact type structure, the bottom gate type
using the top contact type structure, or the bottom gate type
using the bottom contact type structure.

[0071] Thereafter, as shown in FIG. 3B, after a planarizing
layer 30 is formed on the surface of the drive circuit, a
contact hole 30a to expose a part of the TFT is formed (S2
back in FIG. 2A). More specifically, the planarizing layer 30
comprises an inorganic insulating layer 31 and an organic
insulating layer 32. The inorganic insulating layer 31 is
formed with SiN_having the thickness of approximately 200
nm using plasma CVD, for example. This functions as a
barrier layer to prevent components of the organic insulating
layer 32 from penetrating into the TFT 20. Moreover, the
organic insulating layer 32 is intended to fill up a portion of
unevenness present on the surface due to the formation of
the TFT 20. The surface of the organic insulating layer 32 is
easily planarized by applying a liquid-like resin. While
methods of applying comprise a slit coat method or a spin
coat method, a slit and spin coat method combining both can
be used. This organic insulating layer 32 is formed so as to
have the thickness of approximately 2 um, so that a poly-
imide resin or an acrylic resin can be used, for example. It
can be a photosensitive resin in which a photoinitiator is
mixed into these resins, an example of the resin mixed with
the photoinitiator will be described below. However, a
non-photosensitive resin not containing the photoinitiator is
preferable since it is high in purity and, even more, the
surface smoothness thereof is high. More particularly, an
acrylic resin is preferable.

[0072] Thereafter, the contact hole 30a to reach the TFT
20 is formed in this planarizing layer 30. This contact hole
30a is formed using etching such as dry etching by forming
a resist mask in the same manner as the previously described
contact hole 24a. As with this planarizing layer 30, when a
layer in which the inorganic insulating layer 31 and the
organic insulating layer 32 co-exists is etched as a whole, the
etching rates of these insulating layers differ, so that, in
particular, etching using dry etching is preferably applied
since a stepped portion is difficult to be created at the
interface of these insulating layers. When the stepped por-
tion is created, there is a problem that a metal to be
embedded at the interior of the contact hole 30a is not
completely embedded, causing a likelihood of contact resis-
tance with the source electrode 25 to increase. However,
with only a Ti layer 411 being a thin layer in the present
embodiment, it is sufficiently embedded by electroplating
even when there is the stepped portion. At this time, a
contact hole 305 to form a second contact 45 connecting to
the cathode line 27 is also formed in the same manner.
[0073] Subsequently, as shown in FIG. 3C, a conductor
layer 410 comprising the Ti layer 411 and a Cu layer 412 is
formed on the inner surface of the contact hole 30a and the
surface of the organic insulating layer 32 (S3). More spe-
cifically, using sputtering or the like, the titanium layer 411
is formed with the previously-described thickness and,
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thereafter, the copper layer 412 is formed using electroplat-
ing with the titanium layer 411 as a current supplying layer
(a seed layer).

[0074] Thereafter, as shown in FIG. 3D, the conductor
layer 410 formed on the surface of the organic insulating
layer 32 is removed by polishment and, moreover, the
surface of the organic insulating layer 32 is planarized by
CMP (S4). Cu is chemically stable, so that it is difficult to
apply etching thereto. Therefore, the conductor layer 410
formed on the surface of the organic insulating layer 32 is
removed by chemical mechanical polishing. As a result, the
surface of the conductor layer 410 embedded at the interior
of the contact hole 30a is almost in the same plane with the
surface of the organic insulating layer 32, and the surface of
the organic insulating layer 32 is planarized even when
viewed microscopically.

[0075] Polishing of this conductor layer 410 is conducted
using a slurry comprising fine particles of cerium oxide
(CeQ,), silica (Si0,), or to alumina (Al,O,) and the con-
ductor layer 410 formed on the organic insulating layer 32
is removed. Moreover, the surface of the organic insulating
layer 32 is also CMP polished by supplying a ceria-based
slurry being neutral, or a fumed silica-based slurry with
water and alcohol so as to be a planar surface having a
surface roughness of no more than 50 nm in arithmetic
average roughness Ra. At this time, the second contact 45 to
connect the cathode (second electrode) of the organic EL
display apparatus to the cathode line 27 is also similarly
formed of the Ti layer 411 and the Cu layer 412.

[0076] In other words, a liquid-like resin is applied onto
the organic insulating layer 32 using a slit and spin coat
method and dried, the surface thereof is easily planarized
and, as described previously, this surface is formed with
arithmetic average roughness Ra of approximately 100 to
300 nm. However, as described previously, the present
inventor has found that chromaticity unevenness and/or
luminance unevenness occurs with the planarity of only
applying and hardening of this organic insulating layer 32
and that the light emitting characteristics is possibly not
sufficiently satisfactory. Therefore, using CMP, the planarity
of the surface thereof is polished so as to have arithmetic
average roughness Ra of no more than 50 nm. While this
planarity is preferably small, an extreme planarity of not
more than 20 nm as disclosed in Patent document 1 is not
required. With no more than approximately 50 nm of pla-
narity, chromaticity unevenness and/or luminance uneven-
ness did not occur to an extent that it is problematic. While
the Cu layer 412 is chemically stable as described previ-
ously, so that chemical mechanical polishing is preferably
applied thereto, the organic insulating layer 32 is preferably
to polished by CMP using the slurry described above.

[0077] Thereatter, as shown in FIG. 3E, a first electrode 41
of an organic light emitting element 40 (see FIG. 3F) is
formed on the surface planarizing layer 30 so as to be
connected to the conductor layer 410 formed at the interior
of the contact hole 30a (S5). More specifically, using sput-
tering, for example, a lower layer in which an Ag layer or an
APC layer having a thickness of approximately 100 nm is
deposited and an upper layer comprising an ITO layer
having a thickness of approximately 10 nm is formed. As a
result, the Ag layer or the APC layer being in close contact
with the conductor layer 410 at the interior of the contact
hole 30q is formed and, moreover, the ITO layer is formed
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on the surface thereof, so that the first electrode being
well-adapted also to the organic light emitting layer 43
formed thereon is formed.

[0078] Thereafter, as shown in FIG. 3F, the organic light
emitting layer 43 is formed on the first electrode 41 (56).
More specifically, an insulating bank 42 is formed to parti-
tion each pixel at the peripheral edge of the first electrode 41
and to prevent the cathode and the anode from being in
contact. The insulating bank 42 can be an inorganic insu-
lating layer such as SiO,, or an organic insulating layer such
as a polyimide or acrylic resin. It is formed so as to be
formed on the entire surface and so that a given location of
the first electrode 41 is exposed. The insulating bank 42 is
formed with the height of approximately 1 um. As described
previously, with the organic light emitting layer 43 in which
various organic materials are deposited, the organic mate-
rials are deposited using vacuum deposition, for example, in
which case it is formed via a deposition mask in which a
desired to sub-pixel such as R, G, or B is opened through an
opening of the deposition mask. On the surface of the
organic light emitting layer 43 can be formed a layer such as
LiF to improve the electron injectability. It can also be
formed by printing such as an inkjet method, not by vapor
deposition. Ag is used in the first electrode 41 for the reason
that light emitted by the organic light emitting layer 43 is
reflected for use as the top emission type.

[0079] Thereafter, as shown in FIG. 3G, a second elec-
trode (cathode) 44 is formed on the organic light emitting
layer 43 (S7). The second electrode 44 is made to be a
cathode by forming and patterning a thin film Mg—Ag
eutectic layer on the whole surface using deposition. This
second electrode 44 is also formed on the second contact 45
so as to be connected to the cathode line 27 via the second
contact 45 and the first contact 28. With Mg and Ag, having
different melting points, being evaporated from separate
crucibles, this Mg—Ag eutectic layer is eutecticized at the
timing of forming thereof. It is formed with the thickness of
approximately from 10 nm to 20 nm with approximately 90
mass % of Mg and approximately 10 mass % of Ag.
[0080] An encapsulation layer 46 to protect the second
electrode 44 and the organic light emitting layer 43 from
moisture or oxygen is formed on this second electrode 44.
This encapsulation layer 46 is to protect the second electrode
44 and the organic light emitting layer 43 being susceptible
to moisture or oxygen, so that an inorganic insulating layer
such as SiO, or SiN, is formed using plasma CVD or the
like. This encapsulation layer 46 is preferably formed such
that an end portion thereof is in close contact with an
inorganic layer such as the first inorganic insulating layer 31
or the like. The reason is that, while there is good con-
tactability for bonding between inorganic layers, it is diffi-
cult to obtain good bonding with complete contactability for
bonding with an organic layer. Therefore, it is preferable to
remove a part of the organic insulating layer 32 and the
encapsulation layer 46 bonds with the first inorganic insu-
lating layer 31 being a layer lower to the organic insulating
layer 32. In this way, penetration of moisture can be pre-
vented completely.

Example 2

[0081] In the method of manufacturing according to
Example 1 as shown in FIGS. 2A to 2B and FIGS. 3A to 3G,
with the planarizing layer 30, the inorganic insulating layer
31 and the organic insulating layer 32 are continuously
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formed and the contact holes 30a are formed in a collective
manner. However, it can be made such that the organic
insulating layer 32 being photosensitive is formed as the
organic insulating layer 32, the first contact hole 304/ is
formed after the inorganic insulating layer 31 is formed,
after which the organic insulating layer 32 being photosen-
sitive is formed, the second contact hole 3042 is formed by
exposure and development, resulting in contact holes 30q,
an example of which is shown FIGS. 4A and 4B.

[0082] More specifically, the previously described pro-
cesses shown in FIG. 3A are performed in the same manner
as in Example 1. Thereafter, as shown in FIG. 4A, after the
inorganic insulating layer 31 is formed, the first contact hole
30a/ is formed at a location at which the contact hole 30a is
formed. In the same manner as forming of the contact hole
30a as previously described, after a resist layer is formed, an
opening is formed in the resist layer using a photography
process, and, with the resist layer as a mask, etching is
applied using dry etching. When the photosensitive organic
insulating layer is formed, forming of the second contact
hole 3042 is easy, but the effect of leveling of the organic
insulating layer decreases due to addition of the photoini-
tiator, so that the surface roughness increases. However, that
surface 1s CMP polished, so that no problem occurs.
[0083] Thereafter, as shown in FIG. 4B, the organic insu-
lating layer 32 is formed and the second contact hole 30a2
is formed using exposure and development at the position of
the first contact hole 30a/ of the inorganic insulating layer
31. As aresult, the second contact hole 3042 continues to the
first contact hole 3041 to result in the contact hole 30a. As
aresult, the structure will be the same as the structure shown
in FIG. 3B, and subsequent processes will be the same as in
Example 1. Therefore, the explanations thereof will be
omitted.

CONCLUSION

[0084] (1) An organic EL display apparatus according to
one Embodiment of the present invention comprises a
substrate having a surface on which a drive circuit compris-
ing a thin film transistor is formed; a planarizing layer to
cover the drive circuit to planarize the surface of the
substrate; and an organic light emitting element having a
first electrode, the first electrode being formed on the surface
of the planarizing layer and connected to the drive circuit, an
organic light emitting layer, the organic light emitting layer
being formed on the first electrode, and a second electrode,
the second electrode being formed on the organic light
emitting layer, wherein the planarizing layer comprises a
two-layer structure comprising an inorganic insulating layer
and an organic insulating layer, wherein a conductor layer
comprising a titanium layer and a copper layer is embedded
at an interior of a contact hole, and the first electrode is
formed so as to electrically connect to the conductor layer.
[0085] According to the present Embodiment, the interior
of the contact hole is filled with an electroplating layer of
copper having a very small electric resistance, so that the
interior of the contact hole is sufficiently filled up with
copper and connected to the thin film transistor at a low
resistance. Moreover, the portion of the first electrode of the
organic light emitting element, being in contact with the
conductor layer at the interior of the contact hole is Ag or
APC, so that it is made to be connected without generally
causing electrical resistance. Moreover, rather than forming
the first electrode of the organic light emitting element on
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the surface of the planarizing layer being formed with the
organic insulating layer as it is, the surface of the organic
insulating layer is polished, so that, even in the microscopi-
cally planar state, there is no unevenness and the normal
direction of the surface of the organic light emitting layer of
a small sub-pixel almost matches the normal direction of the
display screen. As a result, the problem of light of some of
small sub-pixels travelling in an oblique direction is elimi-
nated, and factors decreasing the display definition such as
luminance unevenness or chromaticity unevenness are
eliminated. As a result, an organic EL display apparatus
having a very good display definition can be obtained.

[0086] (2) The organic insulating layer being a photosen-
sitive resin is preferable in making it easier to form the
contact hole.

[0087] (3) The surface of the planarizing layer being
formed with no more than 50 nm in arithmetic average
roughness Ra by polishing is preferable in making it pos-
sible to prevent chromaticity unevenness and/or luminance
unevenness.

[0088] (4) By the surface of the conductor layer being
embedded within the contact hole being formed with no
more than 50 nm in arithmetic average roughness Ra by
polishing, a planar organic light emitting layer is obtained
even when the first electrode of the organic light emitting
element is formed immediately on this contact hole.

[0089] (5) The first electrode comprising Ag or APC and
ITO is preferable in that it is adapted to Cu and Ag or APC,
and, moreover, the positive hole injectability of the ITO and
organic light emitting layer improves.

[0090] (6) The first electrode being formed on the con-
ductor layer being embedded within the contact hole makes
it possible to reduce the dedicated area for each pixel, realize
higher definition, and shorten the distance between the TFT
and the first electrode, causing electric resistance to be
reduced and electrical characteristics to improve.

[0091] (7) Ag or APC of the first electrode being con-
nected to the titanium layer or the copper layer, the titanium
layer or the copper layer being embedded at the interior of
the contact hole, and the ITO layer being formed at an
interface with the organic light emitting layer is preferable
in having good mutual compatibility with layers being in
contact respectively.

[0092] (8) A method of manufacturing an organic EL
display apparatus according to another Embodiment of the
present invention comprises forming, on a substrate, a drive
circuit comprising a thin to film transistor; after forming, on
a surface of the drive circuit, a planarizing layer comprising
an inorganic insulating layer and an organic insulating layer,
forming, at the planarizing layer, a contact hole exposing a
part of the thin film transistor; forming, on an inner surface
of the contact hole and a surface of the organic insulating
layer, a conductor layer comprising a titanium layer and a
copper layer; removing the conductor layer from the surface
of the organic insulating layer by polishment, and then
planarizing the surface, exposed by removing the conductor
layer, of the organic insulating layer by chemical mechanical
polishing (CMP); forming, on a surface polished by CMP of
the organic insulating layer, a first electrode so as to be
connected to the conductor layer formed at an interior of the
contact hole; forming an organic light emitting layer on the
first electrode; and forming a second electrode on the
organic light emitting layer.
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[0093] According to the present embodiment, the conduc-
tor layer is formed by electroplating after forming the Ti
layer at the interior of the contact hole, so that a metal is
sufficiently embedded at the interior of the contact hole and
the surface thereof is made in the same plane with the
organic insulating layer by polishing. Therefore, even when
the first electrode is formed on the surface thereof, the
surface of the first electrode becomes planar. As a result, the
surface of the organic light emitting layer formed thereon
also becomes planar, making it difficult for chromaticity
unevenness and luminance unevenness to occur.

[0094] (9) In the forming of the first electrode, after
forming an Ag layer or an APC layer, forming an ITO layer,
and then patterning the Ag layer or the APC layer, and the
ITO layer is preferable in that ITO being to preferable in
terms of work function is formed on a surface being in
contact with the organic light emitting layer.

[0095] (10) Conducting the polishing using a slurry com-
prising fine particles of cerium oxide (CeQ,), silica (SiO,),
or alumina (Al,O,) is preferable in that a surface having a
small surface roughness can be obtained in a short time.

DESCRIPTION OF REFERENCE NUMERALS

[0096] 10 Substrate

[0097] 20 TFT

[0098] 21 Semiconductor layer

[0099] 30 Planarizing layer

[0100] 31 Inorganic insulating layer
[0101] 32 Organic insulating layer
[0102] 33 Second inorganic insulating layer
[0103] 40 Organic light emitting element
[0104] 41 First electrode (anode)

[0105] 410 Conductor layer

[0106] 411 Ti layer

[0107] 412 Cu layer

[0108] 413 Ag or APC layer

[0109] 414 ITO layer

[0110] 43 Organic light emitting layer
[0111] 44 Second electrode (cathode)

1. An organic EL display apparatus comprising:

a substrate having a surface on which a drive circuit
comprising a thin film transistor is formed,

a planarizing layer to cover the drive circuit to planarize
the surface of the substrate; and

an organic light emitting element having a first electrode,
the first electrode being formed on a surface of the
planarizing layer and connected to the drive circuit, an
organic light emitting layer, the organic light emitting
layer being formed on the first electrode, and a second
electrode, the second electrode being formed on the
organic light emitting layer,

wherein the planarizing layer comprises a two-layer struc-
ture comprising an inorganic insulating layer and an
organic insulating layer, the inorganic insulating layer
and the organic insulating layer being deposited on the
thin film transistor, and

wherein a connection between the drive circuit and the
first electrode is made via a conductor layer being
embedded at an interior of a contact hole formed at the
planarizing layer, the conductor layer comprising a
titanium layer and a copper layer, and the first electrode
is formed so as to electrically connect to the conductor
layer, and
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wherein a surface of the conductor layer and the surface
of the planarizing layer are formed on the same plane
with 20 nm or more and 50 nm or less in arithmetic
average roughness Ra by polishing, and the first elec-
trode and the organic light emitting layer each having
an almost same surface roughness as that of the surface
of the planarizing layer are formed, thereby a surface of
the organic light emitting layer is formed with no
inclined surface due to unevenness of a light emitting
surface even when viewed microscopically.

2. The organic EL display apparatus according to claim 1,
wherein the organic insulating layer is a photosensitive
resin.

3. (canceled)

4. (canceled)

5. The organic EL display apparatus according to claim 1,
wherein the first electrode comprises an Ag layer or an APC
layer and an ITO layer.

6. The organic EL display apparatus according to claim 1,
wherein the first electrode is formed on the conductor layer
being embedded within the contact hole.

7. The organic EL display apparatus according to claim 5,
wherein the Ag layer or the APC layer of the first electrode
is connected to the titanium layer or the copper layer, the
titanium layer or the copper layer being embedded at the
interior of the contact hole, and the ITO layer is formed at
an interface with the organic light emitting layer.

8. A method of manufacturing an organic EL display
apparatus, the method comprising:

forming, on a substrate, a drive circuit comprising a thin

film transistor;

forming, on a surface of the drive circuit, a planarizing

layer comprising an inorganic insulating layer and an
organic insulating layer, and then forming, at the pla-
narizing layer, a contact hole exposing a part of the thin
film transistor;

10

May 28, 2020

forming, on an inner surface of the contact hole and a
surface of the organic insulating layer, a conductor
layer comprising a titanium layer and a copper layer;

removing the conductor layer from the surface of the
organic insulating layer by polishment, and then pla-
narizing a surface of the conductor layer inside the
contact hole and the surface, exposed by removing the
conductor layer, of the organic insulating layer by
chemical mechanical polishing (CMP), thereby the
surface of the conductor layer and a surface of the
planarizing layer are substantially formed in a same
plane with 20 nm or more and 50 nm or less in
arithmetic average roughness Ra;

forming, on a surface polished by CMP of the organic
insulating layer, a first electrode to be connected to the
conductor layer formed at an interior of the contact
hole, the first electrode having substantially a same
surface roughness as that of the planarizing layer;

forming an organic light emitting layer on the first elec-
trode, so that a surface of the organic light emitting
layer has substantially a same roughness as that of the
first electrode, without inclined surface due to uneven-
ness of a light emitting surface even when viewed
microscopically; and

forming a second electrode on the organic light emitting
layer.

9. The method of manufacturing an organic EL display
apparatus according to claim 8, the method further compris-
mg,

in the forming of the first electrode, after forming an Ag
layer or an APC layer, forming an ITO layer, and then
patterning the Ag layer or the APC layer, and the ITO
layer.

10. The method of manufacturing an organic EL display
apparatus according to claim 8, wherein the CMP is con-
ducted by using a slurry comprising fine particles of cerium
oxide (CeO,), silica (Si0,), or alumina (AL,O,).
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