US 20120119235A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2012/0119235 A1

Nishiyama et al.

(43) Pub. Date: May 17, 2012

(54)

(75)

(73)

@1
(22)

(63)

(30)

DISPLAY PANEL APPARATUS AND METHOD
OF FABRICATING DISPLAY PANEL
APPARATUS

Inventors: Seiji Nishiyama, Osaka (IP);
Takashi Osako, Kyoto (JP); Shinya
Ono, Osaka (JP)

Assignee: Panasonic Corporation, Osaka
(IP)

Appl. No.: 13/356,666
Filed: Jan. 24, 2012

Related U.S. Application Data

Continuation of application No. PCT/JP2010/006175,
filed on Oct. 19, 2010.

Foreign Application Priority Data

Nov. 4,2009  (JP) .ccovvviiiiiiiciicis 2009-253537

Display section 52
i

et TTY X -
* N y
4
4
4 K
0
% M vy
M {1 22204,
|
(] (giQ K Wy
H K
S K (] M
i AL T ‘ (1
s %
ni s ¥ 5 N
P4 bd K ]
A I % bAS
D ™ K
4 i K M
,> ,4" K by
H
% $ o K
¢
ol 4 )()(
K 4 i
M %
%
-
5

vra s
v:e gg lx o

A aw aw AW aw Aty

AW AW A A A A . s
R T AAT A A
S ESHSISE
aw: Ve s
@xy A e e
be ESETE X
S \/\2E
TSRS TEXSIEX,
S
AT AT AT AT AV AV AT AV R Y.
Z. 2

51 3\7 31 32 33

Publication Classification

(51) Int.CL
HOIL 51/52 (2006.01)
HOIL 51/56 (2006.01)

(52) US.CL ... 257/88; 438/34; 257/40; 438/99;
257/E51.019

(57) ABSTRACT

A display panel apparatus includes a planarizing film formed
on a substrate, at least one pixel including a lower electrode;
an organic EL layer; and an upper electrode which are formed
above the planarizing film; an auxiliary electrode electrically
connected to the upper electrode which is the opposite to the
lower electrode; a display section including a plurality of the
pixels; an electrode plate electrically connected to the auxil-
iary electrode and arranged to cover the planarizing film
outside the display section, and the electrode plate has a hole
exposing a part of a surface of the planarizing film. Further-
more, the display panel apparatus also includes a hole injec-
tion layer which is an inorganic material layer made of an
inorganic material and covering the hole.
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FIG. 8A
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FIG. 17
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FIG. 19
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DISPLAY PANEL APPARATUS AND METHOD
OF FABRICATING DISPLAY PANEL
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a continuation application of PCT Patent
Application No. PCT/JP2010/006175 filed on Oct. 19, 2010,
designating the United States of America, which is based on
and claims priority of Japanese Patent Application No. 2009-
253537 filed on Nov. 4, 2009. The entire disclosures of the
above-identified applications, including the specifications,
drawings and claims are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to display panel appa-
ratuses and methods of fabricating the display panel appara-
tuses, and particularly relates to an organic electrolumines-
cent (EL) display panel apparatus using organic luminescent
material.

[0004] (2) Description of the Related Art

[0005] Theorganic EL display apparatus is a light-emitting
display apparatus using electroluminescence of organic com-
pounds, and has been in practical use as a small display
apparatus used for mobile phones and others.

[0006] The organic EL display apparatus is configured by
organic EL devices arranged on a substrate. The organic EL
devices can be individually controlled per pixel for light-
emission. A typical organic EL display apparatus is manufac-
tured by stacking a driving circuit, an anode, an organic layer,
and a cathode on a substrate. The organic layer includes, in
addition to an organic EL layer made of an organic com-
pound, at least one of functional layers such as a hole trans-
port layer and an electron transport layer. With this configu-
ration, charge is injected to the organic EL layer from the
anode or the cathode through the hole transport layer and
others, and the injected charge is recombined in the organic
EL layer, and the organic EL layer emits light.

[0007] Itisimportant that the operational current sufficient
for the organic EL display device in each pixel is supplied in
order to obtain good display quality in the organic EL display
apparatus. This is because lack of sufficient operational cur-
rent supply decreases luminance, causes uneven luminance,
and reduction in contrast, which are causes for degraded
display quality.

[0008] Conventionally, in order to achieve good display
quality, a configuration for supplying sufficient operational
current to the organic EL device in each pixel of the organic
EL display apparatus has been proposed (for example, see
Patent Literature 1: Japanese Unexamined Patent Application
Publication No. 2005-242383).

[0009] The light-emitting apparatus according to Patent
Literature 1 includes a cathode-line connected to the cathode,
which is provided outside of the effective region in which
pixels each including a light-emitting device (referred to as
display section in this Specification) is provided to surround
the effective region, and the power supply line connected to
the pixel electrodes is provided between the cathode-line and
the effective region.

[0010] According to the light-emitting apparatus with the
configuration described above, it is possible to secure suffi-
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cient contact area for the cathode-line and the cathode, while
suppressing the electric resistance between them to mini-
mum. Accordingly, it is possible to prevent the reduction in
the amount of current supplied to the light-emitting device by
a voltage drop due to the electric resistance.

[0011] Interms ofthe viewpoint for supplying the sufficient
operational current to the organic EL device, larger area of the
cathode-line in the light-emitting apparatus according to the
conventional technology is preferable. However, providing
the cathode-line in a wide area surrounding the display sec-
tion raises the following problems with the conventional tech-
nology.

[0012] More specifically, in the fabrication process of the
display apparatus, the lower electrode separated for each
pixel is generally formed by photo etching after forming the
planarizing film is formed, and the organic layer is subse-
quently stacked. When forming the planarizing film and the
lower electrode, due to cleaning water and chemical solutions
such as develop solution and acid, moisture, acid, and other
components are absorbed by the planarizing film. Accord-
ingly, if the planarizing film with the moisture and acid
absorbed is covered by an electrode plate used for the cath-
ode-line, for example, the planarizing film is sealed with the
moisture and acid absorbed inside.

[0013] Ifthe organic layer is stacked above the planarizing
film in this state, the components such as moisture and acid
included in the planarizing film may leak to the organic layer.
As a result, the quality of the organic layer is degraded due to
the reaction of the organic layer with the components such as
moisture, acid, and others, causing a problem of shrinking
pixels. In particular, when Balium (hereafter referred to as
Ba) is included in the organic layer, Ba reacts to the moisture,
shrinking the pixels.

[0014] Furthermore, due to gas components such as mois-
ture and acid sealed in the planarizing film, the electrode plate
is peeled off by the pressure of the gas component, leaking
components such as moisture and acid to the organic layer at
the peripheral portion of the display section. As a result, there
to is a problem that the organic layer at the peripheral portion
of the display section reacts with the components such as
moisture and acid, changing the injection property of the
organic layer. As a result, this causes a problem of uneven
display at the peripheral portion. In particular, when Ba is
included in the organic layer, Ba in the organic layer reacts
with moisture, turning the peripheral portion white.

[0015] Patent Literature 1 fails to suggest an effective solu-
tion for overcoming these problems concerned in a case
where the electrode plate used as the cathode-line is provided,
and the planarizing film covers a wide region surrounding the
display section.

SUMMARY OF THE INVENTION

[0016] The present invention has been conceived in view of
the problems, and it is an object of the present invention to
provide a display panel apparatus including an electrode plate
for supplying the operational current for the organic EL
device, and with a configuration which is less likely to seal the
planarizing film even when the electrode plate is provided in
a wide region above the planarizing film, and to provide the
method of fabricating the display panel apparatus.

[0017] In order to solve the problems described above, an
aspect of the display panel apparatus according to the present
invention includes: at least one pixel including: a lower elec-
trode; an upper electrode provided opposite to the lower elec-
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trode; and an organic layer having organic material and pro-
vided between the lower electrode and the upper electrode; a
TFT layer formed below the pixel and including a driving
device for driving the pixel; a planarizing film for planarizing
an upper surface of the TFT layer; an auxiliary electrode
formed separately from the lower electrode and electrically
connected to the upper electrode; a display section including
a plurality of the pixels; an electrode plate electrically con-
nected to the auxiliary electrode and arranged to cover the
planarizing film outside the display section, the electrode
plate having a hole exposing a part of a surface of the pla-
narizing film; and an inorganic material layer made of an
inorganic material, in contact with an upper surface of the
electrode plate, located below the upper electrode, and cov-
ering the hole, the inorganic material layer being formed after
the electrode plate is formed and before the organic layer is
formed.

[0018] Thedisplay panel apparatus according to the present
invention includes holes for exposing a part of the surface of
the planarizing film covering the electrode plate. Thus, the
components such as moisture and acid which affect the
organic material in the planarizing film arranged under the
electrode plate can be outgassed through the holes of the
electrode plate.

[0019] As a result, the defect caused by sealing the compo-
nents such as moisture and acid in the planarizing film can be
reduced compared to the case in which no hole is provided in
the electrode plate.

[0020] Furthermore, in the display panel apparatus accord-
ing to the present invention, the holes in the electrode plate are
covered by the inorganic material layer made of inorganic
material, and thus in the fabrication process after the elec-
trode plate is formed, it is possible to prevent the foreign
material such as moisture and acid from entering the planariz-
ing film again through the holes.

[0021] Therefore, it is possible to further reduce the defects
caused by the components such as moisture and acid sealed in
the planarizing film by the electrode plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:

[0023] FIG.1isaplanar view illustrating an example of the
configuration of the display panel apparatus according to
Embodiment 1 of the present invention;

[0024] FIG. 2 is an enlarged planar view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 1 of the present invention;

[0025] FIG. 3 is an enlarged planar view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 1 of the present invention;

[0026] FIG.4isan AA'cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 1 of the present invention;

[0027] FIG. 5 is a BB' cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 1 of the present invention;

[0028] FIG. 6 is a CC' cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 1 of the present invention;
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[0029] FIG. 7is a DD' cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 1 of the present invention;

[0030] FIGS. 8A to 8D are diagrams illustrating examples
of electrode plates used for the comparison of electric resis-
tance;

[0031] FIGS. 9A and 9B are diagrams for illustrating the
effect of the holes in the electrode plates in practical use;
[0032] FIG. 10 is a flowchart illustrating the fabrication
process of the display panel apparatus according to Embodi-
ment 1 in the present invention;

[0033] FIG. 11 is a planar view illustrating an example of
the configuration of the display panel apparatus according to
Embodiment 2 of the present invention;

[0034] FIG. 12 is an enlarged planar view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 2 of the present invention;

[0035] FIG. 13 is an AA' cross-sectional view illustrating
an example of the configuration of the display panel apparatus
according to Embodiment 2 of the present invention;

[0036] FIG. 14 is a BB' cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 2 of the present invention;

[0037] FIG. 15 is a CC' cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 2 of the present invention;

[0038] FIG.161isaDD' cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 2 of the present invention;

[0039] FIG. 17 is a flowchart illustrating the fabrication
process of the display panel apparatus according to Embodi-
ment 2 in the present invention;

[0040] FIG. 18 is a cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Embodiment 3 of the present invention;

[0041] FIG. 19 is a flowchart illustrating the fabrication
process of the display panel apparatus according to Embodi-
ment 3 in the present invention;

[0042] FIG. 20 is an external view illustrating an example
of a television set using the display panel apparatus;

[0043] FIG. 21 is a cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Variation;

[0044] FIG. 22 is a cross-sectional view illustrating an
example of the configuration of the display panel apparatus
according to Variation;

[0045] FIG. 23 is a planar view illustrating an example of
the configuration of the display panel apparatus according to
Variation;

[0046] FIG. 24 is a planar view illustrating an example of
the configuration of the display panel apparatus according to
Variation;

[0047] FIG. 25 is a planar view schematically illustrating
an example of the arrangement of holes according to Varia-
tion; and

[0048] FIG. 26 is an enlarged planar view illustrating an
example of the configuration of the display panel apparatus
according to Variation.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0049] The display panel apparatus according to an aspect
ofthe present invention includes: at least one pixel including;:
alower electrode; an upper electrode provided opposite to the
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lower electrode; and an organic layer having organic material
and provided between the lower electrode and the upper elec-
trode; a TFT layer formed below the pixel and including a
driving device for driving the pixel; a planarizing film for
planarizing an upper surface of the TFT layer; an auxiliary
electrode formed separately from the lower electrode and
electrically connected to the upper electrode; a display sec-
tion including a plurality of the pixels; an electrode plate
electrically connected to the auxiliary electrode and arranged
to cover the planarizing film outside the display section, the
electrode plate having a hole exposing a part of a surface of
the planarizing film; and an inorganic material layer made of
an inorganic material, in contact with an upper surface of the
electrode plate, located below the upper electrode, and cov-
ering the hole, the inorganic material layer being formed after
the electrode plate is formed and before the organic layer is
formed.

[0050] The display panel apparatus according to another
aspect of the present invention includes: at least one pixel
including: a lower electrode; an upper electrode provided
opposite to the lower electrode; and an organic layer having
organic material and provided between the lower electrode
and the upper electrode; a TFT layer formed below the pixel
and including a driving device for driving the pixel; a pla-
narizing film for planarizing an upper surface of the TFT
layer; an auxiliary electrode formed separately from the lower
electrode and electrically connected to the upper electrode; a
display section including a plurality of the pixels; an electrode
plate formed in a same layer as the lower electrode, electri-
cally connected to the auxiliary electrode, and arranged to
cover the planarizing film outside the display section, the
electrode plate having a hole exposing a part of a surface of
the planarizing film; and an inorganic material layer made of
an inorganic material located above the electrode plate, and
covering the hole, the inorganic material layer being a part of
a layer formed between the lower electrode and the organic
layer in the pixel.

[0051] The display panel apparatus according to an aspect
of the present invention has holes in the electrode plate cov-
ering the planarizing film, which exposes a part of the surface
of the planarizing film. With this, even if the planarizing film
with the components such as moisture and acid are absorbed
within is covered by the electrode plate, the components such
as moisture and acid in the planarizing film are outgassed
through the holes.

[0052] In addition, in any display panel apparatus accord-
ing to an aspect, the holes in the electrode plate are covered by
the inorganic material layer made of inorganic material. With
this, in the fabrication process after the electrode plate is
formed, it is possible to prevent the foreign material such as
moisture and acid from entering the planarizing film again
through the holes. In particular, any of the display panel
apparatuses has a technical feature that the inorganic material
layer is formed after the electrode plate is formed and before
the organic layer is formed. Accordingly, it is possible to
prevent foreign materials such as moisture and acid in the
organic EL layer forming process from entering the inside of
the planarizing film through the holes in the electrode plate.
[0053] Accordingly, itis possible to prevent the unevenness
in display at the peripheral portion or the pixels from shrink-
ing due to the leak of the components such as moisture and
acid affecting the organic material to the organic layer at the
peripheral portion in the display section, and the reaction of
the organic layer with the components such as moisture and
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acid. In particular, when the organic layer includes Ba, the
moisture reacts with the Ba, and Ba oxidized by moisture
shrinks the pixels and turns the peripheral portion into white.
These problems can also be prevented.

[0054] Furthermore, in addition to outgassing the compo-
nents such as moisture and acid by the holes and covering the
holes with the inorganic material layer prevents the foreign
material such as moisture and acid which are causes of the
outgas from entering the planarizing film again. Thus, it is
possible to prevent the electrode plate from peeling by the gas
pressure due to the gas components such as moisture and acid
remaining in the planarizing film. Furthermore, it is possible
to prevent the planarizing film from being eroded by moisture
and acid remaining in the planarizing film.

[0055] In an aspect of the display panel apparatus, it is
preferable that the inorganic material layer includes: a first
portion located in the pixel, which serves as a functional layer
provided between the lower electrode and the organic layer;
and a second portion extending from the first portion and
arranged outside the pixel such that at least a part of the
second portion covers the hole.

[0056] In this aspect, the organic layer is formed with the
holes in the electrode plate covered with the inorganic layer.
Accordingly, it is possible to prevent the foreign material such
as processing solutions including water and acid from enter-
ing the planarizing film again through the holes during the
fabrication process after the organic layer is formed.

[0057] In addition, since the inorganic material layer is
made of the first portion as the functional layer formed in the
pixel and the second portion covering the holes formed out-
side of the pixel, it is possible to form the inorganic layer
using the functional layer in the pixel. With this, it is possible
to simplify the fabrication process, and reduce the fabrication
cost.

[0058] Inanotheraspect of the display panel apparatus, it is
preferable that the inorganic material layer includes at least
one of a hole injection layer for injecting holes from the lower
electrode into the organic layer and a pixel regulating layer for
regulating the pixel.

[0059] According to this aspect, the inorganic material
layer can be formed using the hole injection layer or the pixel
regulating layer which are layers made of inorganic material
present in the display section. Therefore, it is possible to form
these layers and the inorganic material layer at the same time.
With this, itis possible to simplify the fabrication process, and
reduce the fabrication cost.

[0060] Inanotheraspectofthe display panel apparatus, it is
preferable that the inorganic material has an insulation prop-
erty.

[0061] Inanotheraspectofthe display panel apparatus, it is
preferable that the inorganic material is one of metal oxide,
metal nitride, or metal oxynitride.

[0062] Inanotheraspectofthe display panel apparatus, it is
preferable that the inorganic material is at least one of Si, W,
Cr, Ti, Mo, V, and Ga.

[0063] Inanotheraspectofthe display panel apparatus, it is
preferable that the inorganic material layer includes two or
more layers.

[0064] According to this aspect, the inorganic material
layer can be formed with multiple layers. Thus, in the process
after forming the inorganic material layer, it is possible to
reliably prevent the foreign material such as moisture and
acid from entering the planarizing film again through the
holes.
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[0065] Inanother aspect of the display panel apparatus, it is
preferable that the hole is for discharging a gas generated
inside the planarizing film to outside the planarizing film.
[0066] The display panel apparatus according to an aspect
of'the present invention include an aspect of the display panel
apparatus, in which the pixels in the display panel apparatus
are arranged in a matrix.

[0067] The method of fabricating the display panel appa-
ratus according to an aspect of the present invention includes:
forming a TFT layer including a driving device for driving an
organic EL layer to emit light; forming a planarizing film for
planarizing an upper surface of the TFT layer; forming a
lower electrode above the planarizing film in a display section
of a display panel, forming an electrode plate having a hole
above the planarizing film outside the display section of the
display panel, and forming an auxiliary electrode separately
from the lower electrode and electrically connected to the
electrode plate, the auxiliary electrode being formed in the
display section of the display panel above the planarizing film
and outside an area in which the lower electrode is formed;
forming an inorganic material layer made of an inorganic
material above the electrode plate; forming a partition for
partitioning pixels above the lower electrode; forming the
organic EL layer in a region partitioned by the partition; and
forming, above the organic EL layer, an upper electrode for
causing the organic EL layer to emit light through a current
supply with the lower electrode, the upper electrode being
electrically connected to the auxiliary electrode, in which the
electrode plate is formed to expose a part of a surface of the
planarizing film in the forming, and the inorganic material
layer is formed to cover the hole in the electrode plate in the
forming.

[0068] According to this aspect, in the forming of a lower
electrode, an electrode plate, and an auxiliary electrode, the
electrode plate including holes exposing a part of the surface
of the planarizing film on the planarizing film outside of the
display section, and in the inorganic layer forming, the holes
are covered by the inorganic material layer made of inorganic
material.

[0069] With this, even if the planarizing film with the com-
ponents such as moisture and acid absorbed is covered by the
electrode plate, the components such as moisture and acid can
be outgassed through the holes before the inorganic layer
forming.

[0070] Subsequently, the holes are covered by the inorganic
material layer in the inorganic layer forming. Thus, in the
fabrication process after the inorganic layer forming, it is
possible to prevent the foreign material such as moisture and
acid from entering the planarizing film again through the
holes.

[0071] Accordingly, it is possible to prevent the uneven
display and shrunken pixels at the peripheral portion due to
the leak of the components such as moisture and acid which
could affect the organic material and the reaction of the
organic layer with the components such as moisture and acid.
Inparticular, when the organic layer includes Ba, the moisture
reacts with the Ba, and Ba oxidized by moisture shrinks the
pixels and turns the peripheral portion white. This can also be
prevented.

[0072] In addition, by outgassing the components such as
moisture and acid by the holes and covering the holes with the
inorganic layer prevents the components such as moisture and
acid which would cause the outgassing from entering the
planarizing film again, and the peeling of the electrode plate
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from peeling by the gas pressure of the gas components such
as moisture and acid remaining in the planarizing film. Fur-
thermore, it is possible to prevent the planarizing film from
being eroded by moisture and acid remaining in the planariz-
ing film.

[0073] In another aspect of the method of fabricating the
display panel apparatus, it is preferable that, in the forming,
the inorganic material layer is formed above the lower elec-
trode and in a display section in the display panel, and a part
of the inorganic material layer is formed to extend to outside
the display section in the display panel and to cover the hole
in the electrode plate.

[0074] According to this aspect, in the inorganic layer
forming, the inorganic material layer made of inorganic mate-
rial is formed above the lower electrode in the display section
in the display panel, and covering the holes outside of the
display section in the display panel. With this, it is possible to
form the functional layer in the display section and the inor-
ganic material layer covering the holes at the same time. Thus,
itis possible to simplify the fabrication process and reduce the
fabrication cost.

[0075] In another aspect of the method of fabricating dis-
play panel apparatus, it is preferable that the inorganic mate-
rial layer is at least one of a hole injection layer for injecting
holes from the lower electrode into the organic layer and a
pixel regulating layer for regulating the pixel.

[0076] According to this aspect, the inorganic material
layer may be formed using the fabrication process for fabri-
cating the hole injection layer or the pixel regulating layer
present in the display section. With this, it is possible to form
an inorganic material layer covering the holes without
increasing the number of processes.

[0077] In another aspect of the method of fabricating dis-
play panel apparatus, it is preferable that, in the forming of a
lower electrode, an electrode plate, and an auxiliary elec-
trode, a gas generated inside the planarizing film is dis-
charged through the hole in the electrode plate, and in the
forming of an inorganic material layer, the hole is covered so
as to prevent a foreign material from entering the planarizing
film from outside through the holes.

[0078] In another aspect of the method of fabricating dis-
play panel apparatus, it is preferable that the forming of a
lower electrode, an electrode plate, and an auxiliary electrode
is a process including a thermal treatment.

[0079] According to this aspect, it is possible to aggres-
sively discharge the components such as moisture and acid
present in the planarizing film through the holes in the elec-
trode plate by the thermal treatment in the forming of a lower
electrode, an electrode plate, and an auxiliary electrode. Sub-
sequently, in the inorganic layer forming, the holes are cov-
ered by the inorganic material layer. Thus, in the fabrication
process after the inorganic layer forming, it is possible to
prevent the foreign material such as moisture and acid from
entering the planarizing film again through the holes in the
fabrication process after the fourth process. Accordingly, it is
possible to fabricate the display panel apparatus having a
planarizing film without the components such as moisture or
acid.

[0080] The following shall describe the display panel appa-
ratus according to Embodiments of the present invention in
detail with reference to the drawings.

[0081] Note that, in the description of the Embodiments, an
example in which an active-matrix organic EL display panel
apparatus is used is described as a typical example. However,
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the display panel apparatus according to the present invention
is not limited to the organic EL display panel apparatus, but is
widely applicable to a display panel apparatus having a dis-
play section which includes arranged pixels which can be
individually controlled for light-emission, and an electrode
plate as a line for supplying operational current of the pixels
arranged in the display section.

[0082] The drawings are schematic diagrams for descrip-
tion, and thickness, ratio of the size of components, and the
number of the components which are repeatedly arranged are
not always exactly precise.

Embodiment 1

[0083] The following shall describe the display panel appa-
ratus according to Embodiment 1 of the present invention
with reference to the drawings.

[0084] (Overview of the Display Panel Apparatus)

[0085] FIG.1isaplanar view illustrating an example of the
configuration of the display panel apparatus according to
Embodiment 1 of the present invention.

[0086] As illustrated in FIG. 1, the display panel apparatus
1 is configured with a stacked structure including a TFT layer
20 and a planarizing film 30 stacked on a substrate 10 in this
order, a display section 52 provided with the arranged pixels
51 which can be individually controlled for light emission,
and a sealing film 40, a resin layer 60, and a glass substrate 70
sealing the entire surface.

[0087] The display section 52 includes pixels 51 arranged
in a matrix. The pixels 51 include the organic EL device
having lower electrodes 31 separated for each pixel 51, an
upper electrode 39 provided on the entire surface and shared
by all of the pixels 51, an organic layer which has electrolu-
minescent property and is interposed between the lower elec-
trode 31 and the upper electrode 39, and a hole injection layer
34 which shall be described later. The organic layer of the
organic EL device is a stacked structure of the hole transport
layer, the organic EL layer, and an electron transport layer that
are made of organic material.

[0088] Furthermore, as illustrated in FIG. 1, the electrode
plate 33 is formed in a shape of frame surrounding the pixels
51 in the matrix. In the display section 52, auxiliary electrodes
32 are formed in the belt-shape for each pixels 51 in the
column direction of the pixels 51 (vertical direction of the
drawing). The auxiliary electrode 32 and the electrode plate
33 are electrically connected to the upper electrode 39, and
are lines the current flow in the organic EL device in the pixel
51 together with the upper electrode 39. In this Embodiment,
the auxiliary electrode 32 is electrically connected to the
upper electrode 39 in the organic EL device through the
electron transport layer. The auxiliary electrode 32 prevents
the voltage drop caused by the upper electrode 39 common to
all of the pixels 51, particularly a voltage drop at the central
region of the display screen.

[0089] The upper electrode 39 is connected to the auxiliary
electrode 32 through the electron transport layer in the dis-
play section 52, and is connected to the electrode plate 33
outside of the display section 52. The auxiliary electrode 32 is
connected to the electrode plate 33, and the electrode plate 33
is connected to a feeder 28. The lower electrode 31 is con-
nected to the driving device provided in the TFT layer 20. In
order to facilitate the understanding, the area in which the
lower electrode 31 and the electrode plate 33 are formed is
indicated by left-upward hatching.
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[0090] In the row direction of the pixels 51 (horizontal
direction of the drawing), the pixel regulating layer 35 is
formed in a belt-shape. The pixel regulating layer 35 is
formed to cover the peripheral portion of the adjacent pixels
51 in the vertical direction. For example, the pixel regulating
layer 35 covers inside of the contact hole and the lower
electrode 31 nearby. With this, the pixel regulating layer 35
prevents the light emission at the contact hole in which the
thickness of the organic EL layer 37 is difficult to control and
the light-emission tends to be unstable. In order to facilitate
the understanding, the range in which the pixel regulating
layer 35 is formed is indicated by the vertical hatching. Note
that, in Embodiment 1, it is not necessary to provide the pixel
regulating layer 35.

[0091] Ineach pixel 51, the organic layer emits light by the
operational current supplied from the driving device through
the lower electrode 31, and flowing to the feeder 28 through
the upper electrode 39.

[0092] InEmbodiment 1,theelectrode plate 33 is formed to
cover the planarizing film 30 outside of the display section 52,
and has holes 50 exposing part of the surface of the planariz-
ing film 30. Note that, in FIG. 1, although the holes 50 are only
illustrated at the lower right corner of the display panel appa-
ratus 1, the holes 50 are actually formed in the entire region of
the electrode plate 33 outside of the display section 52.
[0093] Inthe display panel apparatus 1 with the configura-
tion described above, by providing the electrode plate 33
connected to the upper electrode 39 in a wide region outside
ofthe display section 52, it is possible to suppress the electric
resistance from the pixels 51 to the feeder 28 at a low value.
In addition, since the holes 50 are provided in the electrode
plate 33, and thus the holes 50 can outgas components inside
the planarizing film 30.

[0094] As a result, the reduction in luminance, uneven
luminance, and reduction in contrast all caused by the insuf-
ficient supply of the operational current are eased, increasing
the display quality, and the defect caused by the sealed com-
ponents such as moisture and acid in the planarizing film 30 is
reduced as well.

[0095] Furthermore, in Embodiment 1, the holes 50 in the
electrode plate 33 are covered with the inorganic material
layer made of inorganic material. Note that, in Embodiment
1, the inorganic material layer is formed using the hole injec-
tion layer 34 made of inorganic material formed in the pixels
51.

[0096] With this, after outgassing the components such as
moisture and acid in the planarizing film 30 through the holes
50, the holes 50 can be closed by the hole injection layer 34.
Accordingly, in the fabrication process after the holes 50 are
closed, it is possible to prevent the foreign material such as
moisture and acid from entering the planarizing film again
through the holes 50. Accordingly, it is possible to prevent the
uneven display at the peripheral portion or the peripheral
portion from turning white due to the leaked components such
as moisture and acid to the organic layer at the peripheral
portion of the display section 52. Furthermore, it is also
possible to prevent the electrode plate 33 from being peeled
off by a gas pressure of the gas components such as the
moisture and acid remaining in the planarizing film 30. It is
also possible to prevent the planarizing film from being
eroded by the moisture and acid remaining in the planarizing
film.

[0097] FIG. 2is an enlarged planar view illustrating details
of the lower right corner of the display panel apparatus 1.
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Note that, the illustration of the pixel regulating layer 35
illustrated in FIG. 1 is omitted.

[0098] As illustrated in FIG. 2, the feeder 28 is a triangle
with a vertex pointed to the display section 52. A bank 36 is
provided, for example, along the column direction of the
pixels 51 (vertical direction of the drawing). The auxiliary
electrode 32 is provided in a region in which the lower elec-
trode 31 is not formed, in a direction in parallel with the bank
36. The organic EL layer 37 is arranged in a belt-shaped
region partitioned by the adjacent banks 36.

[0099] In the configuration illustrated in FIG. 2, for each
belt-shaped region partitioned by the banks 36, the organic
EL layer 37 which emits light in red, blue, or green is provided
so as to configure a color display panel apparatus. In this case,
each pixel 51 corresponds to a sub pixel, and composes one
pixel by three adjacent pixels 51 each of which emits light in
red, blue, or green.

[0100] Inthe electrode plate 33, long rectangle holes 50 are
provided along the direction of the operational current flow-
ing for each pixel 51 in the electrode plate 33. Each of the
holes 50 is elongated in a direction in parallel with a side of
the display section 52 adjacent to the hole 50. In order to
facilitate the understanding, in FIG. 2, the area in which the
lower electrode 31, the auxiliary electrode 32, and the elec-
trode plate 33 are provided is illustrated in the right-down-
ward hatching, the area in which the bank 36 is formed is
illustrated in the right-upward hatching.

[0101] The holes 50 are open in a width corresponding to
the interval between the lower electrode 31 and the auxiliary
electrode 32, for example. The length of the holes 50 except
for the peripheral portion of the feeder 28 is substantially
identical to the length of the lower electrode 31 in longitudi-
nal direction (vertical direction of the drawing).

[0102] Note that, although the shape of the feeder 28 at the
peripheral portion is triangle in Embodiment 1, it is not lim-
ited to this example. For example, as illustrated in FIG. 3, the
shape of the feeder 28 may be a trapezoid with the upper
parallel side facing the display section 52.

[0103] (Detailed Configuration of Display Panel Appara-
tus)
[0104] The following shall describe the detailed configura-

tion of the display panel apparatus 1 according to Embodi-
ment 1 of the present invention with reference to FIGS. 410 7.
[0105] Note that, the configuration of the display panel
apparatus 1 illustrated in FIGS. 4 to 7 is a representative
example, and the display panel apparatus 1 is not limited to
this example. The same reference numerals are assigned to
the components described in FIGS. 1 and 2, and the descrip-
tion for these components is omitted where appropriate.
[0106] First, the cross-sectional structure of the display
panel apparatus 1 in FIG. 2 along the line AA' shall be
described. F1G. 4 is a cross-sectional view illustrating a cross-
sectional surface of the display panel apparatus 1 along the
line AA'in FIG. 2.

[0107] Asillustrated in FIG. 4, in AA' cross-section in FIG.
2, the planarizing film 30 for planarizing the upper surface of
the TFT layer 20 which shall be described later is formed on
the upper surface of the substrate 10.

[0108] Above the planarizing film 30 in the display section
52, the lower electrode 31 separated for each pixel 51 and
each of which is used as the anode, the auxiliary electrode 32
formed separately from the lower electrode 31, the electrode
plate 33 electrically connected to the auxiliary electrode 32,
the hole injection layer 34 made of inorganic material with
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hole-transporting property, the bank 36 made of photosensi-
tive resin, the organic EL layer 37 made of organic material
with electroluminescent property, the electron transport layer
38 made of organic material with electron transporting prop-
erty, the upper electrode 39 arranged opposite to the lower
electrode 31, made of conductive material, and used as the
cathode, and a sealing film 40 made of insulating material are
sequentially provided. Note that, the organic EL layer 37
includes organic luminescent material.

[0109] The lower electrode 31, the auxiliary electrode 32
and the electrode plate 33 are formed in the same layer on the
planarizing film 30. More specifically, the lower electrode 31,
the auxiliary electrode 32, and the electrode plate 33 are
formed in the same process, which shall be described later.
[0110] The glass substrate 70 is provided above the sealing
film 40 via the sealing member 61, and the gap between the
sealing film 40 and the glass substrate is filled with a resin
layer 60.

[0111] Theelectrode plate 33 with holes 50 is formed on the
planarizing film 30 outside the display section 52. The elec-
trode plate 33 is formed to cover the planarizing film 30
outside of the display section 52, and the holes 50 in the
electrode plate 33 are formed to expose part of the surface of
the planarizing film 30, and the holes 50 are for discharging
the component such as moisture and acid inside of the pla-
narizing film 30. The electrode plate 33 is provided outside of
the display section 52, and is electrically connected to the
feeder 28 in a region in which the planarizing film 30 is not
formed. The electrode plate 33 is also electrically connected
to the upper electrode 39 in a region outside of the display
section 52 and in which the bank 36 is not formed.

[0112] Asdescribed above, the holes 50 are open in a width
corresponding to the interval between the lower electrode 31
and the auxiliary electrode 32, for example.

[0113] Furthermore, the hole injection layer 34 as the func-
tional layer of the pixel 51 is formed on the electrode plate 33
to close all of the holes 50 in the electrode plate 33, and part
ofthe hole injection layer 34 extends to outside of the display
section 52. More specifically, the hole injection layer 34 in
Embodiment 1 has a first portion 34a as a functional layer
located in the pixel 51 and between the lower electrode 31 and
the organic EL layer 37, and a second portion 345 formed
extending from the first portion 34a as the functional layer to
outside of the display section 52. Subsequently, the second
portion 345 of the hole injection layer 34 is formed to cover
the holes 50 in the electrode plate 33, and the holes 50 are
filled with the material of the hole injection layer 34. As such,
the holes 50 in the electrode plate 33 are closed using the hole
injection layer 34 made of inorganic material. More specifi-
cally, the second portion 345 of the hole injection layer 34
filling the holes 50 is part of the hole injection layer 34
provided between the lower electrode 31 and the organic EL
layer 37 in the pixel 51. Note that, on the second portion 345
in the hole injection layer 34, a part in which the bank 36, the
electron transport layer 38, and the upper electrode 39 are
sequentially formed, and a part in which the upper electrode
39 is directly formed exist.

[0114] Here, as the inorganic material of the hole injection
layer 34, metal oxide, metal nitride, or metal oxynitride may
be used. Alternatively, the hole injection layer 34 may be
formed using at least one of Tungsten (W), Titanium (Ti),
Molybdenum (Mo), Vanadium (V), and Gallium (Ga).
[0115] Thedisplay panel apparatus 1 according to Embodi-
ment 1 includes the holes 50 in the electrode plate 33. Thus,
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in the method of fabricating the display panel apparatus 1, the
components such as moisture and acid included in the pla-
narizing film 30 can be discharged at the same level inside the
display section 52 which is a region in which the pixel 51
originally with opening is formed and outside of the display
section 52 in which the holes 50 are formed in the electrode
plate 33. For this reason, it is possible to prevent the excess
moisture and acid sealed in the planarizing film 30 in a region
outside of the display section 52.

[0116] Furthermore, in the display panel apparatus 1
according to Embodiment 1, the holes 50 in the electrode
plate 33 is covered by the hole injection layer 34 made of the
inorganic material. Thus, in the fabrication process after the
holes 50 are closed, it is possible to prevent the foreign mate-
rial such as moisture and acid from entering the planarizing
film again through the holes 50.

[0117] Next, the cross-sectional structure of the display
panel apparatus 1 in FIG. 2 along the line BB' shall be
described. This cross-section includes the TFT layer 20 and
the pixel regulating layer 35. Note that, in FIG. 5, the number
of the holes 50 does not match the number of the holes 50
illustrated in FIG. 2.

[0118] FIG. 5 is a cross-sectional view illustrating a cross-
sectional surface of the display panel apparatus 1 along the
line BB' in FIG. 2. As illustrated in FIG. 5, in BB' cross-
section in FIG. 2, the driving device 25 which is a thin-film
transistor including the gate insulating film 22 and the source-
drain electrode 24, an interlayer insulating film 26, and an
Indium Tin Oxide (ITO) film 27 are provided above the sub-
strate 10. Note that, although not illustrated in the cross-
section of FIG. 5, the driving device 25 includes other con-
figuration generally necessary as thin-film transistor such as a
gate electrode and a semiconductor film in a separate cross-
section. The driving device 25 forms a driver circuit with a
selection device which is another thin-film transistor and a
capacitor for holding luminance voltage that are not illus-
trated. A region in which the driver circuit is provided
between the substrate 10 and the planarizing film 30 is
referred to as a TFT layer 20.

[0119] The planarizing film 30 for planarizing the upper
surface of the TFT layer 20 is provided between the pixel 51
and the TFT layer 20.

[0120] The lower electrode 31 is electrically connected to
the source-drain electrode 24 in the driving device 25 through
the contact hole provided through the planarizing film 30 and
the interlayer insulating film 26. Furthermore, in a region in
the display section 52 and in which the bank 36 is not pro-
vided; the upper electrode 39 is electrically connected to the
auxiliary electrode 32 through the electron transport layer 38.
[0121] As described above, the electrode plate 33 is formed
to cover the planarizing film 30 outside of the display section
52, and includes holes 50 for exposing part of the surface of
the planarizing film 30 so as to discharge the moisture and
acid in the planarizing film 30. The electrode plate 33 is
provided outside the display section 52, and is electrically
connected to the feeder 28 in a region in which the planarizing
film 30 is not formed. The electrode plate 33 is also electri-
cally connected to the upper electrode 39 in a region outside
the display section 52 and in which the bank 36 is not formed.
[0122] The pixel regulating layer 35 is provided between
the lower electrode 31 and the first portion 34a in the hole
injection layer 34. The pixel regulating layer 35 is made of
insulating material, and regulates the light-emitting region by
covering undesired portion of the lower electrode 31. Further-
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more, by covering the lower electrodes 31 adjacent in the
belt-shaped region partitioned by the bank 36 illustrated in
FIGS. 2 and 3 with the pixel regulating layer 35, the adjacent
pixels 51 can be partitioned. Note that, in Embodiment 1, itis
not necessary to provide the pixel regulating layer 35.

[0123] FIG. 6 is a cross-sectional view illustrating a cross-
sectional surface of the display panel apparatus 1 along the
line CC' in FIG. 2. As illustrated in FIG. 6, in CC' cross-
section in FIG. 2, the lower electrode 31 and the holes 50 in
the electrode plate 33 do not appear, in the cross-section at the
end portion of the pixel 51.

[0124] Asillustrated in FIG. 6, in the display section 52, the
pixel regulating layer 35, the first part 34a of the hole injec-
tion layer 34, the organic EL layer 37, the electron transport
layer 38 and the upper electrode 39 are sequentially formed in
this order on the planarizing film 30. Outside of the display
section 52, the second portion 345 of the hole injection layer
34 is formed to cover the electrode plate 33 on the planarizing
film 30.

[0125] Next, the cross-sectional structure of the display
panel apparatus 1 in FIG. 2 along the line DD' shall be
described.

[0126] FIG. 7 is a cross-sectional view illustrating a cross-
sectional surface of the display panel apparatus 1 along the
line DD' in FIG. 2. As illustrated in FIG. 7, in the DD’ cross-
section in FIG. 2, and, the lower electrode 31, the auxiliary
electrode 32, the hole injection layer 34, the organic EL layer
37, and the electron transport layer 38 do not appear in the
cross-section outside of the display section 52.

[0127] Asillustrated in FIG. 7, onthe electrode plate 33, the
second portion 345 of the hole injection layer 34 is formed to
close the holes 50 in the electrode plate 33. The upper elec-
trode 39 is formed above the second portion 345 of the hole
injection layer 34.

[0128] Thedisplay panel apparatus 1 according to Embodi-
ment 1 of the present invention with the configuration
described above has holes 50 in the electrode plate 33 cover-
ing the planarizing film 30. With this, even if the planarizing
film 30 with the components such as moisture and acid
absorbed inside is covered by the electrode plate 33, the
components such as moisture and acid included in the pla-
narizing film 30 is outgassed through the holes 50.

[0129] Accordingly, if the pixel 51 is stacked on the pla-
narizing film 30 with the moisture and acid included, the
components such as moisture and acid included in the pla-
narizing film 30 leaks to the organic layer (refers to the
stacked structure of the organic EL layer 37 and the electron
transport layer 38. Note that, a hole transport layer made of
organic material may be formed on the hole injection layer 34
and this hole transport layer may be included), degrading the
quality of the organic layer due to the reaction with the com-
ponents such as moisture and acid. However, as described
above, the components such as moisture and gas included in
the planarizing film 30 is outgassed through the holes 50,
preventing the degradation in the quality of the organic layer.
As a result, it is possible to prevent the uneven display at the
peripheral portion, and to prevent the pixels from being
shrunk. In particular, when the organic layer includes Ba, the
moisture reacts with the Ba, and Ba oxidized by moisture
shrinks the pixels and turns the peripheral portion white.
These problems can also be prevented.

[0130] In addition, gas components such as moisture and
acid sealed in the planarizing film 30 is discharged. Thus, it is
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possible to prevent the electrode plate 33 from peeled off by
the gas pressure of the gas component.

[0131] Furthermore, the display panel apparatus 1 accord-
ing to Embodiment 1 of the present invention has the holes 50
in the electrode plate 33 covered with the inorganic material
layer made of inorganic material. With this, in the fabrication
process after the holes 50 are closed, it is possible to prevent
the foreign material such as moisture and acid from entering
the planarizing film 30 again through the holes 50. Accord-
ingly, it is possible to prevent the degradation in the quality of
the organic layer and the peeling of the electrode plate 33
caused by the re-entrance of the foreign material such as
moisture and acid. Furthermore, it is possible to prevent the
planarizing film from being eroded by moisture and acid
remaining in the planarizing film.

[0132] (Consideration Regarding Shape of Holes)

[0133] By comparing the electric resistance of the electrode
plates including different shapes of holes, the inventors found
out that the shape of the holes 50 illustrated in FIG. 2 is good
for not interrupting the flow of the driving current in the
electrode plate 33. The following shall describe details of the
consideration.

[0134] FIGS. 8A to 8D are diagrams illustrating examples
of the shape of the electrode plates used for the comparison of
electric resistance. All of the electrode plates have the same
square shape and the same thickness. FIG. 8A illustrates the
electrode plate with no hole. FIG. 8B illustrates octagon holes
(aperture ratio 10%). FIG. 8C illustrates rectangular holes
elongated in a direction orthogonal to the direction of current
(aperture ratio 9%). FIG. 8D illustrates rectangular holes
elongated in a direction in parallel with the current direction
(aperture ratio 9%).

[0135] By simulation, a resistance value is calculated from
a current value when a predetermined voltage is applied to a
left side and a right side of the electrode plate, and the calcu-
lated resistance value is normalized by the resistance value of
FIG. 8A. The resistance values (normalized values) of the
electrode plates in FIGS. 8A to 8D are 1.0, 1.2, 1.9, and 1.1,
respectively.

[0136] The results show that the rectangular holes elon-
gated in the current direction is effective for suppressing the
increase in the electric resistance in the electrode plate.

[0137] Next, based on the practical condition for the elec-
trode plate 33, it is considered whether the increase in the
electric resistance falls within an acceptable range when rect-
angular holes elongated in the current direction are provided.
As the practical condition, the thickness of 0.15 pm, and the
resistivity of 5.55E-8 Qm are used.

[0138] FIGS. 9A and 9B are drawings illustrating part of
the electrode plates 33 that are actually used with the holes 50
and without the hole 50. The current distribution and resis-
tance component in the electrode plates 33 are analyzed using
the finite element method. The arrows roughly indicate the
current direction which is the analysis result. Note that, each
of the electrode plates 33 have an upper side connected to the
auxiliary electrode 32 toward the display section 52, and the
lower left oblique side connected to the feeder 28. As illus-
trated in FIGS. 9A and 9B, the current flowing from the
connecting part of the auxiliary electrode 32 and the electrode
plate 33 flows into the feeder 28. Here, the direction of the
current transitions to a direction which is along a direction in
parallel with the side of the display region in the vicinity of the
holes as the current moves closer to the feeder 28.
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[0139] As illustrated in FIG. 9A, when there is no hole, the
current flowing into the upper side of the electrode plate 33
from the display section 52 flows to the feeder 28 from the left
lower oblique side of the electrode 33, and is received at the
oblique side of the triangle or the side edge of the trapezoid of
the feeder 28. The resistance component of the electrode plate
33 in this case is 0.20 Q.

[0140] As illustrated in FIG. 9B, when the rectangle holes
50 elongated in a direction in parallel with the adjacent side of
the display section 52 are provided in the electrode plate 33,
the current in the electrode plate 33 does not significantly
interfered compared to the case in which there is no hole. The
current flows from the display section 52 to the feeder 28
along the holes 50, and is received at the oblique side of the
triangle or the side edge of the trapezoid of the feeder 28. The
resistance component of the electrode plate 33 in this case is
037 Q.

[0141] The resistance component of the electrode plate 33
when there are holes 50 is confirmed to fall within an accept-
able range for supplying the necessary current to the display
section 52 under the condition estimated by the inventors with
respect to the voltage drop in the power supply and the light-
emitting efficiency of the organic EL device.

[0142] According to this aspect, the holes 50 are open along
the current flow between the connecting part of the auxiliary
electrode 32 and the electrode plate 33, and the feeder 28.
With this, the holes 50 are adjusted to the direction of the
current flow. Thus, it is possible to prevent the holes 50 from
becoming the resistance of the current flow, suppressing the
change in the resistance value.

[0143] More specifically, the holes 50 are open in rectan-
gular shape elongated in a direction in parallel with the side of
the display region adjacent to the holes 50. With this, the
rectangular shape of the opening of the holes 50 is approxi-
mated to the direction of the current flow. Thus, it is possible
to suppress the opening of the holes from becoming the resis-
tance against the current flow, suppressing the change in the
resistance value.

[0144] Furthermore, as illustrated in FIGS. 1 and 2, the
feeder 28 may have a trapezoid shape with the upper side
facing toward the display section 52, for example. The feeder
28 receives current flown from the display section 52 along
the holes 50 at the side edge of the trapezoid. With this, it is
possible to receive the current using the side edge of the
trapezoid without increasing the area of the feeder 28.
Accordingly, it is possible to maintain the area of the feeder
28 relatively small, allowing effective current supply.

[0145] The same applies to the case in which the feeder 28
is a triangle with a vertex pointed toward the display section
52, and the current flowing from the display section along the
holes is received by the side of the triangle.

[0146] (Fabrication Method for Display Panel Apparatus 1)

[0147] Next, the method of fabricating the display panel
apparatus 1 according to Embodiment 1 of the present inven-
tion shall be described.

[0148] The method of fabricating the display panel appa-
ratus 1 according to Embodiment 1 of the present invention is
characterized by a process for providing holes in a preferred
shape in the electrode plate on the planarizing film, a process
for outgassing the planarizing film through the holes, and a
process for covering the holes with an inorganic material
layer made of inorganic material.
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[0149] The method of fabricating the display panel appa-
ratus according to Embodiment 1 of the present invention
shall be described in detail with reference to the drawings.
[0150] FIG. 10 is a flowchart illustrating an example of the
fabrication process ofthe display panel apparatus 1 according
to Embodiment 1 in the present invention. The example in
which the display panel apparatus 1 described above is fab-
ricated shall be described based on FIG. 10 and with reference
to FIGS. 2 and 5.

[0151] Note that, the following processes can be performed
using the known processing technologies. Thus, detailed
description for the processing conditions shall be omitted
where appropriate. In addition, the material and process
described below are merely typical examples, and the display
panel apparatus and the method of fabricating the display
panel apparatus according to the present invention are not
limited to the example. The present invention includes a case
in which other materials and processes which are known as
appropriate are used. This applies to the method of fabricating
the display panel apparatuses 2 and 3 according to Embodi-
ments 2 and 3 which shall be described later.

[0152] (TFT Layer Forming Process)

[0153] First, the TFT layer 20 including the driving device
25 and the feeder 28 is formed by forming and patterning a
semiconductor film, an insulating film, and a metal film on the
main surface of the substrate 10 made of glass or plastic (510:
first process).

[0154] (Planarizing Film Forming Process)

[0155] Next, by applying insulating organic material such
as polyimide resin by spin coating or nozzle coating on an
entire surface and baking the surface, the planarizing film 30
is formed. The interlayer insulating film 26 and the planariz-
ing film 30 formed above the source-drain electrode 24 of the
driving device 25, and the planarizing film 30 formed above
the feeder 28 are removed by photo etching (511: second
process).

[0156] (Lower Electrode and Electrode Plate Forming Pro-
cess)
[0157] Next, a metal film is formed above the planarizing

film 30 by sputtering, and the metal film is patterned into the
lower electrode 31, the auxiliary electrode 32, and the elec-
trode plate 33 with the shape illustrated in FIG. 5 by photo
etching. Here, the holes 50 reaching the planarizing film 30
underneath are formed in the electrode plate 33 such that part
of the surface of the planarizing film 30 is exposed. Further-
more, the lower electrode 31, the auxiliary electrode 32, and
the electrode plate 33 are annealed (S12: third process).

[0158] In this process, in the part in which the interlayer
insulating film 26 and the planarizing film 30 are removed, the
lower electrode 31 and the source-drain electrode 24 of the
driving device 25 are electrically connected, and the electrode
plate 33 and the feeder 28 are electrically connected. Further-
more, with this annealing thermal treatment, the components
such as moisture and acid remaining in the planarizing film 30
is outgassed through the holes 50. With this annealing thermal
treatment, the components such as moisture and acid in the
planarizing film 30 are outgassed. Note that, in order to com-
pletely discharge the outgassing components such as mois-
ture and acid in the planarizing film 30 under the electrode
plate 33, another outgassing component discharging process
in which a thermal treatment is performed at a predetermined
temperature may be provided after the lower electrode and
electrode plate forming process.
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[0159] (Pixel Regulating Layer Forming Process)

[0160] Next, a film made of inorganic compounds such as
Si02, SiN, SiON, A1203, and AIN made of insulating inor-
ganic material, or a film made of insulating organic material
such as polyimide resin is formed on the lower electrode 31,
and photo-etched to form the pixel regulating layer 35 (S13:
eighth process).

[0161] (Inorganic Material Layer Forming Process (Hole
Injection Layer Forming Process))

[0162] Next, the inorganic material layer is formed by
depositing the inorganic material such as W, Ti, Mo, V, Ga
inside and outside of the display section 52 by vapor deposi-
tion and annealing the inorganic material (S14: fourth pro-
cess).

[0163] In this embodiment, the inorganic material layer is
the hole injection layer 34. More specifically, in the display
section 52, the inorganic material layer is formed above the
pixel regulating layer 35 as the hole injection layer 34. On the
other hand, outside of the display section 52, the inorganic
material layer is formed on the electrode plate 33 to cover the
holes 50 of the electrode plate 33.

[0164] Note that, immediately before the inorganic mate-
rial layer forming process, another outgassing component
discharging process in which a thermal treatment is per-
formed at a predetermined temperature may be provided as a
process for completely discharging the outgassing compo-
nents such as moisture and acid in the planarizing film 30
under the electrode plate 33.

[0165] (Bank Forming Process)

[0166] Next, the banks 36 in a shape illustrated in FIGS. 2
and 3 for partitioning pixels are formed by applying photo-
sensitive polyimide resin by spin coating and nozzle coating
on the entire surface, and performing patterning by photoli-
thography and annealing (S15: fifth process).

[0167] (Organic EL Layer Forming Process)

[0168] Next, the organic EL layer 37 is formed by placing
functional fluid including organic material with electrolumi-
nescent property such as tris(8-hydroxyquinolinato)alu-
minium (Alq3) on the belt-shaped region partitioned by adja-
cent banks 36 by inkjet method, and drying the functional
fluid (S16: sixth process).

[0169] (Electron Transport Layer Forming Process)
[0170] Next, the electron transport layer 38 is formed by
depositing organic material made of oxadiazole derivatives
and others by vacuum vapor deposition (S17: ninth process).
[0171] (Upper Electrode Forming Process)

[0172] Next, theupper electrode 39 is formed by depositing
transparent conductive material such as Indium Tin Oxide or
Indium Zinc Oxide by vacuum vapor deposition (S18: sev-
enth process).

[0173] (Sealing Process)

[0174] Finally, the display panel apparatus 1 is complete by
providing the sealing film 40, the resin layer 60, the sealing
member 61, and the glass substrate 70 (S19: tenth process).
Note that, instead of the glass substrate 70, a color filter
substrate and others may be provided, for example.

[0175] As described above, according to the method of
fabricating the display panel apparatus 1 according to
Embodiment 1 of the present invention, the holes 50 for
discharging components such as moisture and acid included
in the planarizing film 30 are provided in the electrode plate
33 covering the planarizing film 30. With this, even if the
planarizing film 30 with the components such as moisture and
acid absorbed is covered by the electrode plate 33, the com-
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ponents such as moisture and acid included in the planarizing
film 30 is discharged through the holes 50.

[0176] For this reason, the pixel 51 is stacked on the pla-
narizing film 30 with this state, it is possible to prevent the
components such as moisture and acid included in the pla-
narizing film 30 from leaking the organic layer, degrading the
organic layer due to the reaction with the outgassing after-
wards. Consequently, it is possible to prevent the pixels from
shrinking.

[0177] Furthermore, with the annealing before forming the
inorganic material layer, it is possible to discharge the gas
components such as moisture and acid sealed in the planariz-
ing film 30 through the holes 50 in the electrode plate 33. With
this, it is possible to prevent the electrode plate 33 from
peeling off by the gas pressure of the gas component. Fur-
thermore, it is possible to prevent the components such as
moisture and acid from leaking the organic layer at the
peripheral portion of the display section 52, causing uneven
display at the peripheral portion and the peripheral portion
turning white due to the reaction of the organic layer with the
components such as acid and moisture.

[0178] Furthermore, by the method of fabricating the dis-
play panel apparatus 1 according to Embodiment 1 of the
present invention, the holes 50 in the electrode plate 33 are
covered by the inorganic material layer made of inorganic
material. With this, in the fabrication process after the holes
50 are closed, it is possible to prevent the foreign material
such as moisture and acid from entering the planarizing film
30 again through the holes 50. Accordingly, it is possible to
prevent the degradation in the quality of the organic layer and
the peeling of the electrode plate 33 caused by the re-entrance
of the foreign material such as moisture and acid.

[0179] Note that, in the method of fabricating the display
panel apparatus 1 according to Embodiment 1 of the present
invention, the inorganic layer covering the holes 50 in the
electrode plate 33 is formed by extending part of the hole
injection layer 34 formed in the pixel 51. However, it is not
limited to this example. For example, the holes 50 in the
electrode plate 33 may be covered with another inorganic
material other than the hole injection layer 34. In this case, the
inorganic material layer is formed in the fabrication process
different from the method of fabricating the hole injection
layer 34. Furthermore, in this case, in order to discharge the
components such as moisture and acid in the planarizing film,
it is preferable that the thermal treatment is performed before
the inorganic material layer is formed.

[0180] However, it is preferable that the inorganic material
layer covering the holes 50 is formed using the hole injection
layer 34 as in Embodiment 1. This is because, forming the
inorganic layer covering the holes 50 using the hole injection
layer 34 ofthe pixel 51 allows forming the hole injection layer
34 and the inorganic material layer covering the holes 50 in
the same process, thereby simplifying the fabrication process
and reducing the fabrication cost.

Embodiment 2

[0181] Next, the display panel apparatus 2 according to
Embodiment 2 of the present invention shall be described
with reference to the drawings. Note that, the same reference
numerals are assigned to the components with the same func-
tion as the components in the display panel apparatus 1
according to Embodiment 1, and the description for these
components is simplified or omitted.
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[0182] Thedisplay panel apparatus 2 according to Embodi-
ment 2 of the present invention is different from the display
panel apparatus 1 according to Embodiment 1 in that the
configuration of the electrode plate 33 covers the holes 50.
More specifically, in the display panel apparatus 1 according
to Embodiment 1 of the present invention, the holes 50 are
covered by extending a part of the hole injection layer 34
made of inorganic material. In contrast, in the display panel
apparatus 2 according to Embodiment 2 of the present inven-
tion, a part of the pixel regulating layer 35 made of inorganic
material is extended to outside of the display section 52 to
cover the holes 50.

[0183] FIG. 11 is a planar view illustrating an example of
the configuration of the display panel apparatus according to
Embodiment 2 of the present invention. FIG. 12 is an enlarged
planar view illustrating details of the lower right corner of the
display panel apparatus 2 illustrated in FIG. 11.

[0184] In the display panel apparatus 2 according to
Embodiment 2 of the present invention, the pixel regulating
layer 35 is formed in belt-shape to cover the peripheral por-
tion of the adjacent pixels 51 in the vertical direction in row
direction in the display section 52 (horizontal direction of the
drawing). In addition, a part of the pixel regulating layer 35
extends to outside of the display section 52 to cover all of the
holes 50 in the electrode plate 33. In order to facilitate the
understanding, a range in which the pixel regulating layer 35
is formed is indicated by a vertical hatching in FIGS. 11 and
12.

[0185] The following shall describe a detailed configura-
tion of the display panel apparatus 2 according to Embodi-
ment 2 of the present invention with reference to FIGS. 13 to
16. Note that, the configuration of the display panel apparatus
2 illustrated in FIGS. 13 to 16 is a representative example, and
the display panel apparatus 2 is not limited to this example.
[0186] First, the cross-sectional structure of the display
panel apparatus 2 in FIG. 12 along the line EE' shall be
described.

[0187] FIG.13is across-sectional view illustrating a cross-
sectional surface of the display panel apparatus 2 along the
line EE' in FIG. 12. Since the cross-sectional structure of the
pixel 51 is identical to the structure illustrated in FIG. 4,
detailed description for the cross-sectional structure is omit-
ted.

[0188] As illustrated in FIG. 13, the electrode plate 33
including the holes 50 are formed above the planarizing film
30 outside of the display section 52. In Embodiment 2, on the
electrode plate 33, a part of the pixel regulating layer 35 is
formed to extend to outside of the display section 52 such that
all of the holes 50 in the electrode plate 33 are covered. More
specifically, the pixel regulating layer 35 in Embodiment 2
includes a first portion 354 located in the pixel 51 and serves
as a functional layer provided between the planarizing film 30
and the lower electrode 31, and a second portion 355 formed
extending from the first portion 35a as the functional layer to
outside of the display section 52. In addition, the second
portion 355 in the pixel regulating layer 35 covers the holes 50
in the electrode plate 33. As such, the holes 50 in the electrode
plate 33 are closed using the pixel regulating layer 35 made of
inorganic material. More specifically, the second portion 356
in the pixel regulating layer 35 filling the holes 50 is a part of
the pixel regulating layer 35 provided between the lower
electrode 31 and the organic EL layer 37 in the pixel 51. Note
that, on the second portion 354 in the hole injection layer 35,
a part in which the bank 36, the electron transport layer 38,
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and the upper electrode 39 are sequentially formed, and a part
in which the upper electrode 39 is directly formed exist.
[0189] Here, the pixel regulating layer 35 may be formed
with an insulating material. Alternatively, the pixel regulating
layer 35 may be formed with metal oxide, metal nitride, or
metal oxynitride. For example, SiO2, SiN, SiON, TiO2, TiN,
Al1203, AIN, and other material may be used. Alternatively, at
least one of Silicon (Si), Chromium (Cr), and Titanium (T1)
may be used.

[0190] FIGS. 14 to 16 are cross-sectional views illustrating
cross-sections of the display panel apparatus 2 along the lines
FF', GG', and HH' illustrated in FIG. 12. Note that, since the
cross-sectional structures of the display section 52 illustrated
in FIGS. 14 to 16 are basically identical to the cross-sectional
structures of the display section 52 illustrated in FIGS. 5to 7,
detailed descriptions for the cross-sectional structures shall
be omitted here.

[0191] As illustrated in FIGS. 14 to 16, outside of the pixel
52, the second portion 355 of the pixel regulating layer 35 is
formed to close the holes 50 in the electrode plate 33.
[0192] As described above, the display panel apparatus 2
according to Embodiment 2 of the present invention with the
configuration described above has holes 50 in the electrode
plate 33 covering the planarizing film 30. With this, even if the
planarizing film 30 with the components such as moisture and
acid absorbed is covered by the electrode plate 33, the com-
ponents such as moisture and acid included in the planarizing
film 30 is discharged through the holes 50. With this, it is
possible to prevent the degradation in the quality of the
organic layer due to the leak of the components such as
moisture and acid to the organic layer. Furthermore, peeling
off of the electrode plate 33 and uneven display at the periph-
eral portion and the peripheral portion turning white due to
the reaction of the organic layer with the components such as
acid and moisture can be prevented. Furthermore, it is pos-
sible to prevent the planarizing film from being eroded by
moisture and acid remaining in the planarizing film.

[0193] Furthermore, the display panel apparatus 2 accord-
ing to Embodiment 2 of the present invention has the holes 50
in the electrode plate 33 covered with the inorganic material
layer made of inorganic material. With this, in the fabrication
process after the holes 50 are closed, it is possible to prevent
the foreign material such as moisture and acid from entering
the planarizing film 30 again through the holes 50. Accord-
ingly, it is possible to prevent the degradation in the quality of
the organic layer and the peeling of the electrode plate 33
caused by the re-entrance of the foreign material such as
moisture and acid.

[0194] Note that, the description on the shapes of the holes
with reference to FIGS. 8 and 9 is applicable to the display
panel apparatus 2 according to Embodiment 2 of the present
invention.

[0195] Furthermore, in the display panel apparatus 2
according to Embodiment 2 of the present invention, the hole
injection layer 34 is formed only in the display section 52. In
this case, the hole injection layer 34 may be made of organic
material, or the inorganic material used in the display panel
apparatus 1 according to Embodiment 1 of the present inven-
tion.

[0196] (Fabrication Method for Display Panel Apparatus 2)
[0197] Next, the method of fabricating the display panel

apparatus 2 according to Embodiment 2 of the present inven-
tion shall be described.
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[0198] The method of fabricating the display panel appa-
ratus 2 according to Embodiment 2 of the present invention is
characterized by a process for providing holes in the electrode
plate on the planarizing film, a process for discharging the
components such as moisture and acid from the planarizing
film through the holes, and a process for covering the holes
with an inorganic material layer made of inorganic material.
The method of fabricating the display panel apparatus 2
according to Embodiment 2 is different from the method of
fabricating the display panel apparatus 1 according to
Embodiment 1 in the following point. While the holes 50 are
covered with the hole injection layer 34 made of inorganic
material in the method of fabricating the display panel appa-
ratus 1 according to Embodiment 1 of the present invention,
in the method of fabricating the display panel apparatus 2
according to Embodiment 2, the holes 50 are covered by using
the pixel regulating layer 35 made of inorganic material.
[0199] The following shall describe the method of fabricat-
ing the display panel apparatus according to Embodiment 2 of
the present invention with reference to the drawings.

[0200] FIG. 17 is a flowchart illustrating an example of the
fabrication process of the display panel apparatus 2 according
to Embodiment 2 in the present invention. The example in
which the display panel apparatus 2 described above is fab-
ricated shall be described based on FIG. 17 and with reference
to FIGS. 12 and 14.

[0201] (TFT Layer Forming Process)

[0202] First, the TFT layer 20 including the driving device
25 and the feeder 28 is formed by forming and patterning a
semiconductor film, an insulating film, and a metal film on the
main surface of the substrate 10 made of glass or plastic (S20:
first process).

[0203] (Planarizing Film Forming Process)

[0204] Next, by applying insulating organic material such
as polyimide resin by spin coating or nozzle coating on an
entire surface and baking the organic material, the planarizing
film 30 is formed. The interlayer insulating film 26 and the
planarizing film 30 formed above the source-drain electrode
24 of the driving device 25 and the planarizing film 30, and the
planarizing film 30 formed above the feeder 30 are removed
by photo etching (S21: second process).

[0205] (Lower Electrode and Electrode Plate Forming Pro-
cess)
[0206] Next, a metal film is formed on the planarizing film

30 by sputtering, and the metal film is patterned into the lower
electrode 31, the auxiliary electrode 32, and the electrode
plate 33 with the shape illustrated in FIG. 15 by photo etching.
Here, the holes 50 are formed in the electrode plate 33 expos-
ing a part of the surface of the planarizing film. Furthermore,
the lower electrode 31, the auxiliary electrode 32, and the
electrode plate 33 are annealed (S22: third process).

[0207] In this process, in the part in which the interlayer
insulating film 26 and the planarizing film 30 are removed, the
lower electrode 31 and the source-drain electrode 24 of the
driving device 25 are electrically connected, and the electrode
plate 33 and the feeder 28 are electrically connected. Further-
more, with this annealing thermal treatment, the components
such as moisture and acid remaining in the planarizing film 30
is outgassed through the holes 50. With this annealing thermal
treatment, the components such as moisture and acid in the
planarizing film 30 are outgassed. Note that, in order to com-
pletely discharge the outgassing components such as mois-
ture and acid in the planarizing film 30 under the electrode
plate 33, another outgassing component discharging process
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in which thermal treatment is performed at a predetermined
temperature may be provided after the lower electrode and
electrode plate forming process.

[0208] (Inorganic Material Layer Forming Process (Pixel
Regulating Layer Forming Process))

[0209] Next, a film made of inorganic compound including
insulating inorganic material such as SiO2, SiN, SiON, TiO2,
TiN, A1203, AIN and others or a film made of metal such as
Silicon (Si), Chromium (Cr), Titanium (Ti) and others above
the lower electrode 31, and performing photo-etching (S23:
fourth process).

[0210] In this embodiment, the inorganic material layer is
the pixel regulating layer 35. More specifically, in the display
section 52, the inorganic material layer is formed on the lower
electrode 31 as the pixel regulating layer 35. The pixel regu-
lating layer 35 is patterned into a predetermined belt-shape. In
contrast, outside of the display section 52, the inorganic mate-
rial layer is formed on the electrode plate 33 as a layer cov-
ering the holes 50 in the electrode plate 33.

[0211] Note that, immediately before the inorganic mate-
rial layer forming process, another outgassing component
discharging process in which thermal processing is per-
formed at a predetermined temperature may be provided as a
process for completely outgassing the components such as
moisture and acid in the planarizing film 30 under the elec-
trode plate 33.

[0212] (Hole Injection Layer Forming Process)

[0213] Next, the hole injection layer 34 is formed by depos-
iting the hole injection layer 34 made of inorganic material
such as W, Ti, Mo, V, and Ga in the display section 52 and
annealing the deposited material (S24: eighth process).
[0214] Note that, the hole injection layer 34 may be formed
with an organic material such as poly(3,4-ethylenediox-
ythiophene) (PEDOT). In this case, the hole injection layer 34
may be formed by applying PEDOT to a range in which the
display section 52 is formed by inkjet method or nozzle
coating, and annealing the applied material.

[0215] (Bank Forming Process)

[0216] Next, the banks 36 for partitioning pixels in a shape
illustrated in FIG. 12 are formed by applying photosensitive
polyimide resin by spin coating and nozzle coating on the
entire surface, performing patterning by photolithography
and annealing (S25: fifth process)

[0217] (Organic EL. Layer Forming Process)

[0218] Next, the organic EL layer 37 is formed by placing
functional fluid including organic material with electrolumi-
nescent property such as tris(8-hydroxyquinolinato)alu-
minium (Alg3) on the belt-shaped region partitioned by adja-
cent banks 36 by inkjet method, and drying the functional
fluid (S26: sixth process).

[0219] (Electron Transport Layer Forming Process)
[0220] Next, the electron transport layer 38 is formed by
depositing organic material made of oxadiazole derivatives
and others by vacuum vapor deposition (S27: ninth process).
[0221] (Upper Electrode Forming Process)

[0222] Next, the upper electrode 39 is formed by depositing
transparent conductive material such as Indium Tin Oxide or
Indium Zinc Oxide by vacuum vapor deposition (S28: sev-
enth process).

[0223] (Sealing Process)

[0224] Finally, the display panel apparatus 1 is complete by
providing the sealing film 40, the resin layer 60, the sealing
member 61, and the glass substrate 70 (S29: tenth process).
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[0225] As described above, according to the method of
fabricating the display panel apparatus 2 according to
Embodiment 2 of the present invention, the holes 50 for
discharging the components such as moisture and acid
included in the planarizing film 30 are provided in the elec-
trode plate 33 covering the planarizing film 30. With this,
even if the planarizing film 30 with the components such as
moisture and acid absorbed is covered by the electrode plate
33, the components such as moisture and acid included in the
planarizing film 30 is discharged through the holes 50. With
this, it is possible to prevent the degradation in the quality of
the organic layer due to the leak of the components such as
moisture and acid to the organic layer. Furthermore, peeling
off of the electrode plate 33 and uneven display at the periph-
eral portion and the peripheral portion turning white due to
the reaction of the organic layer with the components such as
acid and moisture can be prevented.

[0226] Furthermore, by the method of fabricating the dis-
play panel apparatus 2 according to Embodiment 2 of the
present invention, the holes 50 in the electrode plate 33 are
covered by the inorganic material layer made of inorganic
material. With this, in the fabrication process after the holes
50 are closed, it is possible to prevent the foreign material
such as moisture and acid from entering the planarizing film
30 again through the holes 50. Accordingly, it is possible to
prevent the degradation in the quality of the organic layer and
the peeling of the electrode plate 33 caused by the re-entrance
of the foreign material such as moisture and acid.

[0227] Inaddition, in the method of fabricating the display
panel apparatus 2 according to Embodiment 2 of the present
invention, the holes 50 are covered by the inorganic material
layer in a process next to the process for discharging the
components such as moisture and acid from the holes 50 by
annealing. With this, in the fabrication process after the holes
50 are covered, the planarizing film 30 is not exposed from the
holes 50. Accordingly, it is possible to reduce the number of
occurrence in which the planarizing film 30 is exposed to
foreign material such as moisture and acid. Accordingly, it is
possible to prevent the foreign material such as moisture and
acid from entering again through the holes 50.

[0228] Note that, in the method of fabricating the display
panel apparatus 2 according to Embodiment 2 of the present
invention, the inorganic layer covering the holes 50 in the
electrode plate 33 is formed by extending part of the pixel
regulating layer 35 formed in the pixel 51. However, it is not
limited to this example. For example, the holes 50 in the
electrode plate 33 may be covered with another inorganic
material other than the pixel regulating layer 35. In this case,
the inorganic layer is formed in the fabrication process dif-
ferent from the method of fabricating the pixel regulating
layer 35. Furthermore, even in this case, in order to discharge
the components such as moisture and acid in the planarizing
film, it is preferable that the thermal treatment is performed
before forming the inorganic material layer.

[0229] However, it is preferable that the inorganic material
layer covering the holes 50 are formed using the pixel regu-
lating layer 35 as illustrated in Embodiment 2. This is
because, forming the inorganic layer covering the holes 50
using the pixel regulating layer 35 of the display section 52
allows forming the pixel regulating layer 35 and the inorganic
material layer covering the holes 50 in the same process,
thereby simplifying the fabrication process and reducing the
fabrication cost

Embodiment 3

[0230] Next, the display panel apparatus 3 according to
Embodiment 3 of the present invention shall be described
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with reference to the drawings. Note that, the same reference
numerals are assigned to the components with the same func-
tion as the components in the display panel apparatuses 1 and
2 according to Embodiments 1 and 2, and the description for
these components are simplified or omitted.

[0231] Thedisplay panel apparatus 3 according to Embodi-
ment 3 of the present invention is different from the display
panel apparatuses 1 and 2 according to Embodiments 1 and 2
in that the configuration of the electrode plate 33 covers the
holes 50. More specifically, in the display panel apparatuses 1
and 2 according to Embodiments 1 and 2 of the present
invention, the holes 50 are covered by extending either a part
of the hole injection layer 34 or the pixel regulating layer 35
made of inorganic material. In contrast, in the display panel
apparatus 3 according to Embodiment 3 of the present inven-
tion, both the hole injection layer 34 and the pixel regulating
layer 35 made of inorganic material are used to cover the
holes 50. More specifically, the inorganic material layer cov-
ering the holes 50 in the electrode plate 33 has a two-layered
structure including the hole injection layer 34 and the pixel
regulating layer 35 that are made of inorganic material.
[0232] In the display panel apparatus 3 according to
Embodiment 3 of the present invention, the region in which
the inorganic material layer covering the holes 50 in the
electrode plate 33 is identical to a region in which the pixel
regulating layer 35 illustrated in FIGS. 11 and 12 is formed
outside of the display section 52.

[0233] Note that, the hole injection layer 34 in the display
section 52 according to Embodiment 3 has the same configu-
ration as the hole injection layer 34 in the display section 52
in the display panel apparatuses 1 and 2 according to Embodi-
ments 1 and 2. In addition, the pixel regulating layer 35 in the
display section 52 also has the same configuration as the pixel
regulating layer 35 in the display section 52 in the display
panel apparatuses 1 and 2 according to Embodiments 1 and 2
of the present invention.

[0234] The following shall describe the detailed configura-
tion of the display panel apparatus 3 according to Embodi-
ment 3 of the present invention using FIG. 18. FIG. 18 illus-
trates a cross-sectional structure of the display panel
apparatus 3 according to Embodiment 3 of the present inven-
tion at a position corresponding to a position of the line FF' in
FIG. 12. Since the cross-sectional structure of the pixel 51
illustrated in FIG. 18 is identical to the structure illustrated in
FIG. 14, detailed description for the cross-sectional structure
is omitted.

[0235] As illustrated in FIG. 18, the electrode plate 33
including the holes 50 are formed above the planarizing film
30 outside the display section 52. In Embodiment 3, above the
electrode plate 33, a part of the hole injection layer 34 and the
pixel regulating layer 35 are formed to extend to outside of the
display section 52 such that all of the holes 50 in the electrode
plate 33 are covered. More specifically, the hole injection
layer 34 and the pixel regulating layer 35 in Embodiment 3
include first portions 34a and 354 located in the pixel 51 and
serve as functional layers provided between the planarizing
film 30 and the lower electrode 31, and second portions 34a
and 3556 formed extending from the first portion 35a as the
functional layer to outside of the display section 52. Outside
of the display section 52, the second portion 355 of the pixel
regulating layer 35 and the second portion 345 of the hole
injection layer 34 are patterned into the same shape and
stacked. The holes 50 in the electrode plate 33 are covered by
the second portion 354 in the pixel regulating layer 35 and the

May 17, 2012

second portion 345 of the hole injection layer 34. More spe-
cifically, the holes 50 in the electrode plate 33 are closed by
filling the inorganic material same as the pixel regulating
layer 35, and the inorganic material same as the hole injection
layer 34 is formed thereon. Thus, the holes 50 are closed with
this layer as well. More specifically, the second portion 356 of
the pixel regulating layer 35 filling the holes 50 and the
second portion 345 of the hole injection layer 34 are part of
the pixel regulating layer 35 and the hole injecting layer 34
provided between the lower electrode 31 and the organic EL
layer 37 in the pixel 51, respectively. Note that, on the second
portion 344 in the hole injection layer 34, a part in which the
bank 36, the electron transport layer 38, and the upper elec-
trode 39 are sequentially formed, and a part in which the
upper electrode 39 is directly formed exist.

[0236] Here, the pixel regulating layer 35 may be formed
with an insulating material. Alternatively, the pixel regulating
layer 35 may be formed with metal oxide, metal nitride, or
metal oxynitride. For example, Si02, SiN, SiON, TiO2, TiN,
AlI203, AIN, and other material may be used. Alternatively, at
least one of Silicon (Si), Chromium (Cr), and Titanium (T1)
may be used.

[0237] Here, as the inorganic material of the hole injection
layer 34, metal oxides, metal nitrides, or metal oxynitrides
may be used, for example. Alternatively, the hole injection
layer 34 may be formed using at least one of Tungsten (W),
Titanium (T1), Molybdenum (Mo), Vanadium (V), and Gal-
lium (Ga).

[0238] Alternatively, the pixel regulating layer 35 and the
hole injection layer 34 may be made of the same material. In
this case, the two-layered inorganic material layer covering
the holes 50 in the electrode plate 33 may be made ofthe same
material.

[0239] Alternatively, the inorganic material layer covering
the holes 50 in the electrode plate 33 may be configured of
two or more layers. In this case, the material of the hole
injection layer 34 or the pixel regulating layer 35 described
above may be used as the inorganic material for the inorganic
material layer.

[0240] As described above, the display panel apparatus 3
according to Embodiment 3 of the present invention with the
configuration described above has holes 50 in the electrode
plate 33 covering the planarizing film 30. With this, even if the
planarizing film 30 with the components such as moisture and
acid absorbed is covered by the electrode plate 33, the com-
ponents such as moisture and acid included in the planarizing
film 30 are discharged through the holes 50. With this, it is
possible to prevent the degradation in the quality of the
organic layer due to the leak of the components such as
moisture and acid to the organic layer. Furthermore, peeling
of'the electrode plate 33 and uneven display at the peripheral
portion and the peripheral portion turning white due to the
reaction with the components such as acid and moisture can
be prevented.

[0241] Furthermore, the display panel apparatus 3 accord-
ing to Embodiment 3 of the present invention has the holes 50
in the electrode plate 33 covered with the inorganic material
layer made of inorganic material. With this, in the fabrication
process after the holes 50 are closed, it is possible to prevent
the foreign material such as moisture and acid from entering
the planarizing film 30 again through the holes 50. Accord-
ingly, it is possible to prevent the degradation in the quality of
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the organic layer and the peeling of the electrode plate 33
caused by the re-entrance of the foreign material such as
moisture and acid.

[0242] Note that, the description on the shapes of the holes
with reference to FIGS. 8 and 9 is applicable to the display
panel apparatus 3 according to Embodiment 3 of the present
invention.

[0243] (Fabrication Method for Display Panel Apparatus 3)
[0244] Next, the method of fabricating the display panel
apparatus 3 according to Embodiment 3 of the present inven-
tion shall be described.

[0245] The method of fabricating the display panel appa-
ratus 3 according to Embodiment 3 of the present invention is
characterized by a process for providing holes in the electrode
plate on the planarizing film, a process for discharging the
components such as moisture and acid from the planarizing
film through the holes, and a process for covering the holes
with an inorganic material layer made of inorganic material.
The method of fabricating the display panel apparatus 3
according to Embodiment 3 is different from the method of
fabricating the display panel apparatuses 1 and 2 according to
Embodiments 1 and 2 in the following point. While the holes
50 are covered with either the hole injection layer 34 or the
pixel regulating layer 35 made of inorganic material in the
methods of fabricating the display panel apparatuses 1 and 2
according to Embodiments 1 and 2 of the present invention, in
the method of fabricating the display panel apparatus 3
according to Embodiment 3, the holes 50 are covered by using
both the hole injection layer 34 and the pixel regulating layer
35 made of inorganic material.

[0246] The following shall describe the method of fabricat-
ing the display panel apparatus 3 according to Embodiment 3
of the present invention with reference to the drawings. The
example in which the display panel apparatus 3 described
above is fabricated shall be described based on FIG. 19 and
with reference to FIG. 18.

[0247] FIG. 19 is a flowchart illustrating an example of the
fabrication process of the display panel apparatus 3 according
to Embodiment 3 in the present invention.

[0248] (TFT Layer Forming Process)

[0249] First, the TFT layer 20 including the driving device
25 and the feeder 28 is formed by forming and patterning a
semiconductor film, an insulating film, and a metal film on the
main surface of the substrate 10 made of glass or plastic (S30:
first process).

[0250] (Planarizing Film Forming Process)

[0251] Next, by applying insulating organic material such
as polyimide resin by spin coating or nozzle coating on an
entire surface and baking the surface, the planarizing film 30
is formed. The interlayer insulating film 26 and the planariz-
ing film 30 formed above the source-drain electrode 24 of the
driving device 25, and the planarizing film 30 formed above
the feeder 28 are removed by photo etching (S31: second
process).

[0252] (Lower Electrode and Electrode Plate Forming Pro-
cess)
[0253] Next, a metal film is formed above the planarizing

film 30 by sputtering, and the metal film is patterned into the
lower electrode 31, the auxiliary electrode 32, and the elec-
trode plate 33 with the shape illustrated in FIG. 5 by photo
etching. Here, the holes 50 are formed in the electrode plate
33 exposing a part of the surface of the planarizing film 30.
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Furthermore, the lower electrode 31, the auxiliary electrode
32, and the electrode plate 33 are annealed (S32: third pro-
cess).

[0254] In this process, in the part in which the interlayer
insulating film 26 and the planarizing film 30 are removed, the
lower electrode 31 and the source-drain electrode 24 of the
driving device 25 are electrically connected, and the electrode
plate 33 and the feeder 28 are electrically connected. Further-
more, with this annealing thermal treatment, the components
such as moisture and acid remaining in the planarizing film 30
is outgassed through the holes 50. With this annealing thermal
treatment, the components such as moisture and acid in the
planarizing film 30 are outgassed. Note that, in order to com-
pletely outgas the components such as moisture and acid in
the planarizing film 30 under the electrode plate 33, another
outgassing component discharging process in which a ther-
mal treatment is performed at a predetermined temperature
may be provided after the lower electrode and electrode plate
forming process.

[0255] (First Inorganic Material Layer Forming Process
(Pixel Regulating Layer Forming Process))

[0256] Next, a first inorganic material layer is formed by
forming a film made of inorganic compound including insu-
lating inorganic material such as SiO2, SiN, SiON, TiO2,
TiN, A1203, AIN and others or a film made of metal such as
Silicon (Si), Chromium (Cr), Titanium (T1) and others on the
lower electrode 31, and performing photo-etching (S33:
fourth process).

[0257] In Embodiment 3, the first inorganic material layer
is formed as the pixel regulating layer 35. More specifically,
in the display section 52, the inorganic material layer is
formed on the lower electrode 31 as the pixel regulating layer
35. The pixel regulating layer 35 is patterned into a predeter-
mined belt-shape. In contrast, outside of the display section
52, the inorganic material layer is formed on the electrode
plate 33 as a layer covering the holes 50 in the electrode plate
33.

[0258] Note that, immediately before the first inorganic
material layer forming process, another outgassing compo-
nent discharging process in which thermal treatment is per-
formed at a predetermined temperature may be provided as a
process for completely outgassing the components such as
moisture and acid in the planarizing film 30 under the elec-
trode plate 33.

[0259] (Second Inorganic Material Layer Forming Process
(Hole Injection Layer Forming Process))

[0260] Next, the second inorganic material layer is formed
by depositing inorganic material such as W, Ti, Mo, V, and Ga
in the display section 52 by vapor deposition and annealing
the deposited material (S34: fourth process).

[0261] In Embodiment 3, the second inorganic material
layer is formed as the hole injection layer 34. More specifi-
cally, in the display section 52, the second inorganic material
layer is formed on the pixel regulating layer 35 as the pixel
regulating layer 34. In contrast, outside the display section 52,
the second inorganic material layer is formed above the elec-
trode plate 33 to cover the holes 50 in the electrode plate 33.
[0262] Note that, as the inorganic material for the hole
injection layer 34, the inorganic material described above
shall be used where appropriate.

[0263] (Bank Forming Process)

[0264] Next, the banks 36 for partitioning pixels in a shape
illustrated in FIG. 12 are formed by applying photosensitive
polyimide resin by spin coating and nozzle coating on the
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entire surface, performing patterning by photolithography
and annealing (S35: fifth process)

[0265] (Organic EL Layer Forming Process)

[0266] Next, the organic EL layer 37 is formed by placing
functional fluid including organic material with electrolumi-
nescent property such as tris(8-hydroxyquinolinato)alu-
minium (Alq3) on the belt-shaped region partitioned by adja-
cent banks 36 by inkjet method, and drying the functional
fluid (S36: sixth process).

[0267] (Electron Transport Layer Forming Process)
[0268] Next, the electron transport layer 38 is formed by
depositing organic material made of oxadiazole derivatives
and others by vacuum vapor deposition (S37: eighth process).
[0269] (Upper Electrode Forming Process)

[0270] Next, the upper electrode 39 is formed by depositing
transparent conductive material such as Indium Tin Oxide or
Indium Zinc Oxide by vacuum vapor deposition (S38: sev-
enth process).

[0271] (Sealing Process)

[0272] Finally, the display panel apparatus 1 is complete by
providing the sealing film 40, the resin layer 60, the sealing
member 61, and the glass substrate 70 (S39: ninth process).
[0273] As described above, according to the method of
fabricating the display panel apparatus 3 according to
Embodiment 3 of the present invention, the holes 50 for
discharging the outgas included in the planarizing film 30 are
provided in the electrode plate 33 covering the planarizing
film 30. With this, even if the planarizing film 30 with the
components such as moisture and acid absorbed is covered by
the electrode plate 33, the components such as moisture and
acid included in the planarizing film 30 is discharged through
the holes 50. With this, it is possible to prevent the degrada-
tion in the quality of the organic layer due to the leak of the
components such as moisture and acid to the organic layer.
Furthermore, peeling off of the electrode plate 33 and uneven
display at the peripheral portion and the peripheral portion
turning white due to the reaction with the components such as
acid and moisture can be prevented. Furthermore, it is pos-
sible to prevent the planarizing film from being eroded by
moisture and acid remaining in the planarizing film.

[0274] Furthermore, by the method of fabricating the dis-
play panel apparatus 3 according to Embodiment 3 of the
present invention, the holes 50 in the electrode plate 33 are
covered by the inorganic material layer made of inorganic
material. With this, in the fabrication process after the holes
50 are closed, it is possible to prevent the foreign material
such as moisture and acid from entering the planarizing film
30 again through the holes 50. Accordingly, it is possible to
prevent the degradation in the quality of the organic layer and
the peeling of the electrode plate 33 caused by the re-entrance
of the foreign material such as moisture and acid.

[0275] Inaddition, in the method of fabricating the display
panel apparatus 3 according to Embodiment 3 of the present
invention, the holes 50 are covered by the inorganic material
layer in a process next to the process for discharging the
components such as moisture and acid from the holes 50 by
annealing. With this, in the fabrication process after the holes
50 are covered, the planarizing film 30 is not exposed from the
holes 50. Accordingly, it is possible to reduce the number of
occurrence in which the planarizing film 30 is exposed to
foreign material such as moisture and acid. Accordingly, it is
possible to prevent the foreign material such as moisture and
acid from entering again through the holes 50.
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[0276] Furthermore, in the method of fabricating the dis-
play panel apparatus 3 according to Embodiment 3 of the
present invention, the inorganic material layer has multiple
layers. Thus, it is possible to reliably prevent the foreign
material such as moisture and acid from re-entering through
the holes 50.

[0277] Note that, although two layers of the inorganic
material layers are formed using the hole injection layer 34
and the pixel regulating layer 35 in the method of fabricating
the display panel apparatus 3 according to Embodiment 3 of
the present invention, it is not limited to this example. For
example, the holes 50 may be covered with an inorganic
material other than the hole injection layer 34 and the pixel
regulating layer 35. Alternatively, one of the multiple inor-
ganic material layers may be formed using the hole injection
layer 34 or the pixel regulating layer 35, and another inor-
ganic material layer may be formed using an inorganic layer
other than the hole injection layer 34 or the pixel regulating
layer 35. Inthese cases, it is preferable that the other inorganic
material layer is formed in a fabrication process different
from the fabrication process for the hole injection layer 34 or
the pixel regulating layer 35. Furthermore, even in this case,
in order to discharge the components such as moisture and
acid in the planarizing film, it is preferable that the thermal
treatment is performed before forming the inorganic material
layer.

[0278] However, as described in Embodiment 3, it is pref-
erable to form the inorganic material layer using the hole
injection layer 34 or the pixel regulating layer 35. This is
because, forming the inorganic layer covering the holes 50
using the hole injection layer 34 and the pixel regulating layer
35 of the display section 52 allows forming the hole injection
layer 34 and the pixel regulating layer 35 and the inorganic
material layer covering the holes 50 in the same process,
thereby simplifying the fabrication process and reducing the
fabrication cost.

[0279] (Examples of the Usage of Display Panel Appara-
tus)
[0280] The display panel apparatuses 1, 2, and 3 described

above are used for a display apparatus for a television set, for
example.

[0281] FIG. 20 is an external view of the television set as an
example of the display apparatus using the display panel
apparatuses 1, 2, and 3. According to Embodiment 3, the
display panel apparatuses 1, 2, and 3 may be used for the
display apparatus.

[0282] The display panel apparatuses 1, 2, and 3 may be
used as a display apparatus for mobile phones, personal com-
puters, and others, in addition to the television set described
above.

[0283] (Variation)

[0284] Although only some exemplary embodiments of the
display panel apparatus according to the present invention
have been described in detail above, those skilled in the art
will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing
from the novel teachings and advantages of this invention.
Accordingly, all such modifications are intended to be
included within the scope of this invention.

[0285] For example, as illustrated in FIG. 21 or 22, the
lower electrode 31 and the auxiliary electrode 32 may be
formed in different layers interposing the insulating film.
[0286] FIG. 21 is a cross-sectional view illustrating an
example of the configuration of the display panel apparatus 4
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according to Variation. FIG. 21 illustrates a cross-sectional
surface corresponding to the cross-sectional surface of the
display panel apparatus 1 illustrated in FIG. 4.

[0287] As illustrated in FIG. 21, in the display panel appa-
ratus 4, the auxiliary electrode 32 is arranged on an upper
surface of the planarizing film 30, and the lower electrode 31
is provided on the upper surface of the insulating film 41
covering the auxiliary electrode 32.

[0288] With this configuration, the lower electrode 31 and
the auxiliary electrode 32 are electrically insulated by the
insulating film 41, increasing flexibility in arrangement of the
auxiliary electrode 32.

[0289] Forexample, arranging the auxiliary electrode 32 in
a wide region overlapping the lower electrode 31 in planar
view and in a different layer from the lower electrode 31
interposing the insulating film 41 allows reducing the electric
resistance of the auxiliary electrode 32, and stably supplying
more operational current.

[0290] FIG. 22 is a cross-sectional view illustrating an
example of the configuration of the display panel apparatus 5
according to Variation. FIG. 22 illustrates a cross-sectional
surface corresponding to the cross-sectional surface of the
display panel apparatus 1 illustrated in FIG. 4.

[0291] As illustrated in FIG. 22, in the display panel appa-
ratus 5, the lower electrode 31 and the electrode plate 33 may
be provided on an upper surface of the planarizing film 30,
and the auxiliary electrode 32 may be provided on the upper
surface of the insulating film 41 covering the lower electrode
31 and the planarizing film 30. More specifically, the auxil-
iary electrode 32 may be provided in a layer above the lower
electrode 31.

[0292] FIGS. 23 and 24 are planar views illustrating
examples of the configuration of the display panel appara-
tuses 6 and 7 according to Variation.

[0293] As illustrated in the display panel apparatus 6 in
FIG. 23, the auxiliary electrode 32 may be provided only in a
direction orthogonal to the banks 36 (row direction). Alter-
natively, as in the display panel apparatus 7 illustrated in FIG.
24, the auxiliary electrodes 32 may be provided along the
direction in parallel with the banks 36 (column direction) and
orthogonal to the banks 36 (row direction).

[0294] Furthermore, the specific arrangement of the holes
50 is not limited to the example illustrated in FIG. 2. For
example, there is another arrangement of the holes 50 suitable
for a color display panel apparatus in which one pixel
includes three sub pixels each of which emits light in red,
green, or blue.

[0295] FIG. 25 is a planar view schematically illustrating
an example of the arrangement of the holes 50 according to
Variation.

[0296] In FIG. 25, areas in which the lower electrodes 31,
the auxiliary electrodes 32, and the electrode plate 33 are
provided are indicated by hatching. Small circles indicate
contact holes for connecting the lower electrode 31 and the
driving device in a lower layer. In addition, banks that are not
illustrated are provided in vertical direction between the
lower electrodes which are adjacent to each other in horizon-
tal direction and between the lower electrodes 31 and the
auxiliary electrodes 32.

[0297] In the display section, three adjacent belt-shaped
regions partitioned by the banks form one pixel column, and
the organic EL layers each of which emits light in red, green,
or blue are provided in the three belt-shaped regions. With
this, the three sub pixels each of which emits light in red,
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green, or blue are arranged next to one another in horizontal
direction (row direction), and the three sub pixels form one
pixel.

[0298] The holes are formed in the shape of dummy pixels
mocking the shape of the pixels in the display section. More
specifically, one pixel in the display section and one dummy
pixel in the holes have the same size, and the holes 50 are
formed in the dummy pixels at a position same as the position
in the pixels in which the lower electrode 31 and the auxiliary
electrode 32 are separated (the plain part between the adjacent
lower electrodes 31 and between the lower electrodes 31 and
the auxiliary electrodes 32.

[0299] According to the arrangement of the holes 50, the
lower electrodes 31, the auxiliary electrodes 32, and the elec-
trode plate 33 are formed by repeating the approximately
same shape from the display section to the holes, making the
aperture ratio of the planarizing film uniform.

[0300] With this, the components such as moisture and acid
included in the planarizing film is discharged at a same level
in the display section and the region outside of the display
section, preventing the components such as moisture and acid
from excessively sealed in the planarizing film outside the
display section. Thus, it is possible to reduce defects of
shrinking pixels at the peripheral portion of the display sec-
tion, uneven display of'the peripheral portion or the peripheral
portion turning white.

[0301] FIG. 26 is an enlarged planar view illustrating an
example of the configuration of the display panel apparatus 8
according to Variation.

[0302] As illustrated in FIG. 26, in the display panel appa-
ratus 8 according to this variation, the banks 36 are provided
in both vertical direction and horizontal direction of the draw-
ings. In Embodiment 1, the pixels 51 arranged in the vertical
direction of the drawing are partitioned by the pixel regulat-
ing layer. In the configuration according to Variation, the
pixels 51 are partitioned by the pixel regulating layer. In the
configuration according to Variation, each pixel 51 is parti-
tioned by the banks 36 in both vertical direction and horizon-
tal direction of the drawing, allowing omitting the pixel regu-
lating layer.

[0303] Note that, Embodiments illustrate configurations in
which the lower electrodes 31 are used as the anode and the
upper electrode 39 is used as the cathode, for example. How-
ever, the lower electrodes 31 may be used as the cathode, and
the upper electrode 39 may be used as the anode. In this case,
the electron transport layer 38 is arranged below the organic
EL layer 37, and the hole injection layer 34 is arranged above
the organic EL layer 37.

[0304] In Embodiments, the stacked structure of the
organic EL layer 37 and the electron transport layer 38 are
described as an example of the organic layer. However, the
configuration of the organic layer is not limited to this
example. For example, a known stacked structure including
the hole transport layer, the organic EL layer, and the electron
transport layer may be used as the organic layer. Alternatively,
when forming the hole injection layer or the electron injection
layer with an organic material, these layers may be included
in the organic layer. Furthermore, the layers other than the
organic EL layer are provided where appropriate for achiev-
ing good light-emission performance, and can be omitted.
[0305] Note that, in Embodiments described above, the
inorganic material layer such as the hole injection layer or the
pixel regulating layer are provided in contact with the upper
surface of the electrode plate. After directly covering the
holes in the electrode plate by the inorganic material layer, the
organic layer (organic EL layer) is formed in the pixel, and the
upper electrode is subsequently formed on the inorganic
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material layer. Accordingly, the foreign materials such as
moisture and acid in the organic EL layer forming process
could not enter the inside of the planarizing film through the
holes in the electrode plate. With this, it is possible to prevent
the degradation in the quality of the planarizing layer and the
peeling of the electrode plate.

[0306] On the other hand, when the upper electrode above
the organic EL layer is formed in contact with the upper
surface of the electrode plate and to directly cover the holes
unlike Embodiments above, the organic layer such as the
organic EL layer is formed after the electrode plate is formed
and before the upper electrode is formed. With this configu-
ration, there is a possibility that the foreign materials such as
the moisture and acid included in chemical solutions and
cleaning solutions enter the inside of the planarizing film
again through the holes. Consequently, there is a possibility
that the upper electrode is formed with the foreign materials
remaining in the planarizing film. For this reason, with this
configuration, with the foreign material entering in the pla-
narizing film, there is a possibility that the quality of the
planarizing film is degraded and the electrode plate is peeled.
[0307] Accordingly, as described above, the configuration
in which the upper electrode directly covers the holes of the
electrode plate having the upper electrode in contact with the
upper surface of the electrode plate is not Embodiments of the
present invention but a comparative example. Therefore, this
configuration is not included in the present invention.

INDUSTRIAL APPLICABILITY

[0308] Thedisplay panel apparatus according to the present
invention is applicable to any display apparatus for television
sets, mobile phones, personal computers, and others.
1. A display panel apparatus, comprising:
at least one pixel including a lower electrode, an upper
electrode provided opposite the lower electrode, and an
organic layer having an organic material provided
between the lower electrode and the upper electrode;

aTFT (thin film transistor) layer formed below said at least
one pixel and including a driver that drives said at least
one pixel;
a planarizing film for planarizing an upper surface of the
TFT layer;

an auxiliary electrode formed separately from said lower
electrode and electrically connected to said upper elec-
trode;

a display that includes a plurality of the at least pixel;

an electrode plate electrically connected to said auxiliary

electrode arranged to cover said planarizing film outside
the display, said electrode plate having a hole exposing a
part of a surface of said planarizing film; and

an inorganic material layer including an inorganic mate-

rial, in contact with an upper surface of said electrode
plate, located below said upper electrode, and covering
said hole.

2. The display panel apparatus of claim 1, wherein said
inorganic material layer is formed after said electrode plate is
formed and before said organic layer is formed.

3. The display panel apparatus of claim 1, wherein said
inorganic material layer comprises:

afirst portion located in said at least one pixel, which serves

as a functional layer provided between said lower elec-
trode and said organic layer; and

a second portion extending from said first portion and

arranged outside said at least one pixel such that at least
a portion of said second portion covers said hole.

May 17, 2012

4. The display panel apparatus of claim 3, wherein said
inorganic material layer comprises:

atleast one ofa hole injection layer for injecting holes from
said lower electrode into said organic layer and a pixel
regulating layer for regulating said at least one pixel.

5. The display panel apparatus of claim 1, wherein said

inorganic material has an insulation property.

6. The display panel apparatus of claim 1, wherein said
inorganic material comprises one of a metal oxide, a metal
nitride, or a metal oxynitride.

7. The display panel apparatus of claim 1, wherein said
inorganic material comprises at least one of Si, W, Cr, Ti, Mo,
V, and Ga.

8. The display panel apparatus of claim 1, wherein said
inorganic material layer includes at least two layers.

9. The display panel apparatus of claim 1, wherein said
hole functions to discharge a gas generated inside said pla-
narizing film to outside said planarizing film.

10. A display apparatus, comprising:

the display panel apparatus according to claim 1, wherein
said plurality of said at least one pixel in the display
panel apparatus are arranged in a matrix.

11. A display panel apparatus, comprising:

at least one pixel including a lower electrode, an upper
electrode provided opposite said lower electrode, and an
organic layer having an organic material provided
between said lower electrode and said upper electrode;

a TFT (thin film transistor) layer formed below said at least
one pixel, including a driver that drives said at least one
pixel;

a planarizing film for planarizing an upper surface of said
TFT layer;

an auxiliary electrode formed separately from said lower
electrode and electrically connected to said upper elec-
trode;

a display including a plurality of said at least one pixel;

an electrode plate formed in a same layer as said lower
electrode, electrically connected to said auxiliary elec-
trode, and arranged to cover said planarizing film out-
side said display, said electrode plate having a hole
exposing a part of a surface of said planarizing film; and

an inorganic material layer including an inorganic material
located above said electrode plate, and covering said
hole, the inorganic material layer being a part of a layer
formed between said lower electrode and said organic
layer in said at least one pixel.

12. The display panel apparatus of claim 11, wherein said

inorganic material layer comprises:

a first portion located in said at least one pixel which serves
as a functional layer provided between said lower elec-
trode and said organic layer; and

a second portion extending from said first portion and
arranged outside said at least one pixel such that at least
a portion of said second portion covers said hole.

13. The display panel apparatus of claim 12, wherein said

inorganic material layer comprises:

atleast one ofa hole injection layer for injecting holes from
said lower electrode into said organic layer and a pixel
regulating layer that regulates said at least one pixel.

14. The display panel apparatus of claim 11, wherein said
hole functions to discharge a gas generated inside said pla-
narizing film to outside said planarizing film.
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15. A display apparatus, comprising:

the display panel apparatus of claim 11, wherein said plu-
rality of at least one pixel in said display panel apparatus
are arranged in a matrix.

16. A method of fabricating a display panel apparatus,

comprising:

forming a TFT (thin film transistor) layer including a driver
that drives an organic EL (electroluminescent) layer to
emit light;

forming a planarizing film for planarizing an upper surface
of the TFT layer;

forming a lower electrode above the planarizing film in a
display of a display panel, forming an electrode plate
having a hole above the planarizing film outside the
display of the display panel, and forming an auxiliary
electrode separately from the lower electrode and elec-
trically connected to the electrode plate, the auxiliary
electrode being formed in the display of the display
panel above the planarizing film and outside an area in
which the lower electrode is formed;

forming an inorganic material layer including an inorganic
material above the electrode plate;

forming a partition for partitioning a plurality of pixels
above the lower electrode;

forming the organic EL layer in a region partitioned by the
partition; and

forming, above the organic EL layer, an upper electrode
that causes the organic EL layer to emit light through a
current supply with the lower electrode, the upper elec-
trode being electrically connected to the auxiliary elec-
trode,

18
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wherein the electrode plate is formed to expose a part of a
surface of the planarizing film in the forming, and

the inorganic material layer is formed to cover the hole in
the electrode plate.

17. The method of fabricating a display panel apparatus
according to claim 16, wherein the inorganic material layer is
formed above the lower electrode and in a display in the
display panel, and a part of the inorganic material layer is
formed to extend outside the display in the display panel to
cover the hole in the electrode plate.

18. The method of fabricating a display panel apparatus
according to claim 16, wherein the inorganic material layer is
at least one of a hole injection layer for injecting holes from
the lower electrode into the organic layer and a pixel regulat-
ing layer for regulating the pixel.

19. The method of fabricating a display panel apparatus
according to claim 16 wherein, in forming a lower electrode,
an electrode plate, and an auxiliary electrode, a gas generated
inside the planarizing film is discharged through the hole in
the electrode plate, and

in forming an inorganic material layer, the hole is covered

so as to prevent a foreign material from entering the
planarizing film from outside through the hole.

20. The method of fabricating a display panel apparatus
according to claim 16, wherein forming a lower electrode, an
electrode plate, and an auxiliary electrode is a process includ-
ing a thermal treatment.
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