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(57) ABSTRACT

A display panel including: a substrate; a multi-layer wiring
layer disposed over the substrate and including a first power
line and a second power line; organic electroluminescence
elements over the multi-layer wiring layer; a partition wall
over the multi-layer wiring layer; and a member over the
multi-layer wiring layer, a height of the member from the
substrate being greater than a height of the partition wall from
the substrate, wherein the multi-layer wiring layer includes a
first portion and a second portion, the organic electrolumi-
nescence elements are arrayed on the first portion, in the
second portion, the first power line and the second power line
intersect, and the member is positioned on the second portion
without overlapping at least one of the first power line and the
second power line in plan view of the substrate.
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DISPLAY PANEL AND MANUFACTURING
METHOD FOR THE SAME, REDUCING RISK
OF POWER LINE IN MULTILAYER WIRING
BEING PRESSED UNDESIRABLY IN
MANUFACTURING PROCESS

[0001] This application is based on an application No.
2014-253821 filed in Japan, the contents of which are hereby
incorporated by reference.

BACKGROUND OF THE DISCLOSURE

[0002] (1) Technical Field

[0003] The present disclosure pertains to a display panel
and to a manufacturing method for the display panel.

[0004] (2) Description of Related Art

[0005] Conventionally, an organic electroluminescence
display panel using an organic electroluminescence element
is widely known. The organic electroluminescence display
panel includes, for example, a substrate, a multi-layer wiring
layer arranged on the substrate, and a plurality of organic
electroluminescence elements arranged in a matrix on the
multi-layer wiring layer.

[0006] The organic electroluminescence elements each
include a lower electrode, an upper electrode, and an organic
light-emitting layer sandwiched therebetween. A hole injec-
tion layer, a hole transport layer, an electron block layer, an
electron injection layer, an electron transport layer, a hole
block layer, and so on are provided as needed, positioned at
one of between the lower electrode and the organic light-
emitting layer and between the upper electrode and the
organic light-emitting layer. Also, when the material for the
organic electroluminescence element varies across pixels of
different colors (e.g., red, green, and blue), a partition wall is
provided to define regions in which the organic light-emitting
layers for neighboring organic electroluminescence elements
are to be provided. Each organic light-emitting layer is
formed in one of the regions defined by the partition wall.
[0007] The multi-layer wiring layer includes a first power
line connected to the lower electrodes of the organic elec-
troluminescence elements and a second power line connected
to the upper electrodes of the organic electroluminescence
elements. The first power line may be positive while the
second power line is negative, and the opposite configuration
may also be used. In plan view of the display panel, the first
power line and the second power line are each drawn from a
region in which the organic electroluminescence elements are
arranged (hereinafter termed a display region) to a surround-
ing region (hereinafter termed a frame region) and connect to
adrive circuit in the frame region (see Japanese Patent Appli-
cation Publication No. 2009-123538).

SUMMARY OF THE DISCLOSURE

[0008] The present disclosure aims to provide a display
panel reducing the probability of mis-pressing occurring, dur-
ing a manufacturing process, at a position in a multi-layer
wiring layer where a first power line and a second power line
appear to intersect in plan view but are not in physical contact
in with one another (such intersection may be referred to in
the present disclosure as intersection without direct contact or
intersection), and to provide a manufacturing method there-
for.

[0009] In view of this, one aspect of the present disclosure
is a display panel, including: a substrate; a multi-layer wiring
layer over the substrate, the multi-layer wiring layer includ-
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ing a first power line receiving a first electric potential and a
second power line receiving a second electric potential dif-
fering from the first electric potential; organic electrolumi-
nescence elements over the multi-layer wiring layer, each of
the organic electroluminescence elements including a first
electrode electrically connected to the first power line, a sec-
ond electrode electrically connected to the second power line,
and an organic light-emitting layer sandwiched between the
first electrode and the second electrode; a partition wall over
the multi-layer wiring layer and between the organic elec-
troluminescence elements; and a member over the multi-
layer wiring layer, a height of a top portion of the member
from a top face of the substrate being greater than a height of
a top portion of the partition wall from the top face of the
substrate, wherein the multi-layer wiring layer includes a first
portion and a second portion that, in plan view of the sub-
strate, surrounds the first portion, the organic electrolumines-
cence elements are arrayed on a top face ofthe first portion, in
the second portion, the first power line and the second power
line intersect without direct contact, and the member is posi-
tioned on the second portion without overlapping at least one
of the first power line and the second power line in plan view
of the substrate.

[0010] The display panel configured as described above
reduces the probability of mis-pressing occurring, during the
manufacturing process, at the position in the multi-layer wir-
ing layer where the first power line and the second power line
intersect without direct contact.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These and other objects, advantages, and features of
the technology pertaining to the present disclosure will
become apparent from the following description thereof
taken in conjunction with the accompanying drawings, which
illustrate at least one specific Embodiment of the technology
pertaining to the present disclosure.

[0012] FIG. 1A is a plan view layout diagram of a display
panel pertaining to Embodiment 1, and FIG. 1B is amagnified
view of a partition region.

[0013] FIG. 2 is a partial cross-sectional diagram illustrat-
ing an overall configuration of the display panel in a display
region.

[0014] FIG. 3 is a schematic view illustrating a wiring
layout in a frame region within a range indicated by chained
line E in FIG. 1B.

[0015] FIG. 4 is a partial cross-sectional diagram illustrat-
ing the overall configuration of the display panel in the frame
region, in a cross-section taken along line C-C of F1G. 3.
[0016] FIG. 5 is a partial cross-sectional diagram illustrat-
ing the overall configuration of the display panel in the frame
region, in a cross-section taken along line B-B of FIG. 3.
[0017] FIGS. 6A through 6F are schematic diagrams illus-
trating a manufacturing method of the display panel, from a
point after the completion of a multi-layer wiring layer to the
formation of a mask-holding member. FIG. 6A is a diagram
illustrating a state in which the multi-layer wiring layer has
been formed. FIG. 6B is adiagram illustrating a state in which
a pixel electrode has been formed over the multi-layer wiring
layer. FIG. 6C is a diagram illustrating a state in which a hole
injection layer has been formed. FIG. 6D is a diagram illus-
trating a state in which a partition wall has been formed. FIG.
6F is a diagram illustrating a state in which the mask-holding
member has been formed in the frame region.



US 2016/0172429 Al

[0018] FIG. 7 is a schematic diagram illustrating a state
during a deposition process of an electron transport layer, in
which a mask is in contact with the frame region.

[0019] FIG. 8 is a schematic diagram illustrating the posi-
tional relationship between a wiring layout and the mask-
holding member in the frame region of the display panel
pertaining to Embodiment 2.

[0020] FIG.9 is a partial cross-sectional diagram illustrat-
ing the overall configuration of the display panel pertaining to
the Embodiment 2 in the frame region, in a cross-section
taken along line D-D in FIG. 8.

[0021] FIGS. 10A through 10G are schematic diagrams
illustrating a manufacturing method of the display panel per-
taining to the Embodiment 2, until the formation of a lower
passivation layer. FIG. 10A is a diagram illustrating a sub-
strate. FIG. 10B is a diagram illustrating a state in which a
gate electrode has been formed over the substrate in the
display region, and a gate electrode material layer has been
formed over the substrate in the frame region. FIG. 10C is a
diagram illustrating a state in which a gate insulation layer has
been formed. FIG. 10D is a diagram illustrating a state in
which a channel layer has been formed over the gate insula-
tion layer in the display region, and a channel material layer
has been formed over the gate insulation layer in the frame
region. FIG. 10E is a diagram illustrating a state in which a
channel protection layer has been formed in the display
region and the frame region. FIG. 10F is a diagram illustrating
a state in which a drain electrode and a source electrode have
been formed over the channel protection layer in the display
region, and a source-drain electrode material layer has been
formed over the channel protection layer in the frame region.
FIG. 10G 1s a diagram illustrating a state in which a lower
passivation layer has been formed in the display region and
the frame region.

[0022] FIGS. 11A through 11E are schematic diagrams
illustrating the manufacturing method of the display panel
pertaining to the Embodiment 2, until the formation of the
mask-holding member. FIG. 11A is a diagram illustrating a
state in which an intermediate electrode has been formed over
the lower passivation layer in the display region, and an
intermediate electrode material layer has been formed over
the lower passivation layer in the frame region. FIG. 11Bis a
diagram illustrating a state in which an upper passivation
layer has been formed in the display region and the frame
region. FIG. 11C is a diagram illustrating a state in which an
inter-layer insulation layer has been formed in the display
region and the frame region. FIG. 11D is a diagram illustrat-
ing a state in which a branch portion of a negative electrode
power line and a pixel electrode for the organic electrolumi-
nescence element have been formed in the display region, and
apower line wiring material layer for the mask-holding mem-
ber has been formed in the frame region. FIG. 11E is a
diagram illustrating a state in which a hole injection layer and
the partition wall have been formed in the display region and
the frame region.

DESCRIPTION OF EMBODIMENTS

Background Leading to Invention

[0023] A typical organic electroluminescence element
includes layers deposited using one of a vapor deposition
method, a sputtering method, a chemical vapor deposition
(hereinafter, CVD) method, and an atomic layer deposition
(hereinafter, ALD) method, after the formation of a partition
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wall and an organic light-emitting layer. These deposition
methods typically involve using a mask so that material for
the layer being formed is accumulated only at a target posi-
tion. For example, when an electron transport layer is to be
formed in a display region and is not to be formed in a frame
region, a mask having a frame shape is used to cover the frame
region. Performing deposition with the mask in contact with
the top of a multi-layer wiring layer of the display panel
enables the electron transport layer to be formed only in the
display region.

[0024] However, in some cases, a foreign object may unin-
tentionally adhere to the multi-layer wiring layer during the
manufacturing process of the display panel. The foreign
object may be, for example, dust or dirt floating in the atmo-
sphere, particulate matter originating in the manufacturing
device or the manufacturing process, or the like. Placing the
mask in contact with the top of the multi-layer wiring layer
with the foreign object adhering thereto poses a risk of the
multi-layer wiring layer being locally pressed in an undesir-
able manner (hereinafter also termed mis-pressing) by the
foreign object, with a particularly negative effect on display
panel performance.

[0025] In a typical multi-layer wiring layer, a first power
line and a second power line intersect without direct contact
in the frame region. For example, Japanese Patent Applica-
tion Publication No. 2009-123538 discloses a multi-layer
wiring layer whose second power line includes branch por-
tions forming a mesh pattern in the display region and a main
portion forming a loop in the frame region, in order to con-
strain fluctuations in potential applied to the organic elec-
troluminescence elements. Further, the multi-layer wiring
layer disclosed in Japanese Patent Application Publication
No. 2009-123538 includes a first power line that intersects,
without direct contact, the main portion of the second power
line, is drawn outwards beyond the main portion of the second
power line, and is connected to a drive circuit. Mis-pressing
occurring at the site of this intersection causes the distance
between the first power line and the second power line to
decrease, and leads to a risk of decreased potential resistance
and of increased leak current. Also, in the worst-case sce-
nario, short-circuiting may occur between the first power line
and the second power line.

[0026] Meanwhile, when making a configuration where
one of the electrodes of the organic electroluminescence ele-
ment is a common electrode connected to a plurality of the
organic electroluminescence elements and power is supplied
to the common electrode by the second power line, there is no
need for the second power line to be drawn between the
organic electroluminescence elements. However, even when
making such a configuration, the first power line and the
second power line intersect without direct contact in the
frame region. Thus, the problems occurring when mis-press-
ing occurs at a position where the first power line and the
second power line intersect without direct contact in the con-
figuration disclosed in Japanese Patent Application Publica-
tion No. 2009-123538 are not overcome.

[0027] Inconsideration of the above-described problems, a
display panel reducing the probability of mis-pressing occur-
ring, during the manufacturing process, at a position where
the first power line and the second power line intersect with-
out direct contact in the multi-layer wiring layer, and a manu-
facturing method therefor are considered.
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Aspects of the Disclosure

[0028] One aspect of the present disclosure is a display
panel, including: a substrate; a multi-layer wiring layer over
the substrate, the multi-layer wiring layer including a first
power line receiving a first electric potential and a second
power line receiving a second electric potential differing from
the first electric potential; organic electroluminescence ele-
ments over the multi-layer wiring layer, each of the organic
electroluminescence elements including a first electrode elec-
trically connected to the first power line, a second electrode
electrically connected to the second power line, and an
organic light-emitting layer sandwiched between the first
electrode and the second electrode; a partition wall over the
multi-layer wiring layer and between the organic electrolu-
minescence elements; and a member over the multi-layer
wiring layer, a height of a top portion of the member from a
top face of the substrate being greater than a height of a top
portion of the partition wall from the top face of the substrate,
wherein the multi-layer wiring layer includes a first portion
and a second portion that, in plan view of the substrate,
surrounds the first portion, the organic electroluminescence
elements are arrayed on a top face of the first portion, in the
second portion, the first power line and the second power line
intersect without direct contact, and the member is positioned
on the second portion without overlapping at least one of the
first power line and the second power line in plan view of the
substrate.

[0029] Typically, a mask used for the vapor deposition
method, the sputtering method, the CVD method, and the
ALD method includes a frame-shaped portion corresponding
to the second portion of the multi-layer wiring layer (corre-
sponding to the frame region of the display panel). According
to the above-described configuration, the member is provided
over the second portion of the multi-layer wiring layer. Thus,
the mask comes into contact with the member when an inter-
mediate product of the display panel is covered with the mask.
[0030] Accordingly, when a foreign object unintentionally
adhering to the multi-layer wiring layer is sufficiently small,
that is, where a height of a top portion of the foreign object is
lower than the height of the top portion of the member, the
mask does not come into contact with the foreign object. As
such, localized mis-pressing does not occur at the position of
the unintended foreign object. Also, when the height of the
top portion of the foreign object is approximately equal to the
height of the member top portion, the pressure from the mask
1s distributed across the foreign object and the member, thus
relieving any mis-pressing caused by the foreign object. Fur-
ther, short-circuiting between two power lines may occur
when mis-pressing occurs at the position where the first
power line intersects the second power line. However, the
member is positioned in a region that does not overlap at least
one of the first power line and the second power line, in plan
view and that does not overlap the position where the first
power line intersects the second power line. As such, the
position where the first power line intersects the second
power line is not subject to mis-pressing by the member.
According to the above, the probability of mis-pressing
occurring, during the manufacturing process, at the position
where the first power line intersects the second power line in
the multi-layer wiring layer is reduced, which reduces the risk
of short-circuiting occurring between the first power line and
the second power line.

[0031] Note that, the intermediate product indicates a state
of the display panel during the manufacturing process
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thereof, prior to the formation of at least some layers config-
uring the organic electroluminescence elements.

[0032] In the display panel pertaining to one aspect of the
present disclosure, the member may be positioned on the
second portion without overlapping the first power line or the
second power line in plan view of the substrate.

[0033] According to the above-described configuration,
mis-pressing caused by the member is avoided in one or both
of a region in the multi-layer wiring layer where the first
power line is located and a region in the multi-layer wiring
layer where the second power line is located, despite any
mis-pressing of the multi-layer wiring layer at a position
where the member is provided upon contact between the
mask and the member. Thus, this enables changes in resistiv-
ity and interruption due to mis-pressing to be avoided for the
first power line and the second power line.

[0034] In the display panel pertaining to one aspect of the
present disclosure, the multi-layer wiring layer may further
include signal lines transporting signals for setting the bright-
ness of the organic electroluminescence elements, and the
member may be positioned on the second portion without
overlapping the first power line, the second power line, or the
signal lines in plan view of the substrate.

[0035] According to the above-described configuration,
mis-pressing caused by the member is avoided in regions in
the multi-layer wiring layer where the signal lines are located,
despite any mis-pressing of the multi-layer wiring layer at a
position where the member is provided upon contact between
the mask and the member. This enables changes in resistivity
and interruption due to mis-pressing to be avoided for the
signal lines.

[0036] In the display panel pertaining to one aspect of the
present disclosure, the multi-layer wiring layer may further
include signal lines transporting signals for setting the bright-
ness of the organic electroluminescence elements, in the sec-
ond portion, each of the signal lines may intersect, without
direct contact, the first power line and the second power line,
and the member may be positioned on the second portion
without overlapping where the first power line and the signal
lines intersect without direct contact, and where the second
power line and the signal lines intersect without direct con-
tact, in plan view of the substrate.

[0037] According to the above-described configuration,
mis-pressing caused by the member is avoided at the posi-
tions where the signal lines intersect the first power line and
the second power line, despite any mis-pressing of the multi-
layer wiring layer at a position where the member is provided
upon contact between the mask and the member. According to
the above, the probability of mis-pressing occurring, during
the manufacturing process, at positions in the multi-layer
wiring layer where the signal lines intersect the first power
line and the second power line may be reduced. As such, the
probability of short-circuiting between the signal lines, the
first power line, and the second power line may be reduced.
[0038] In the display panel pertaining to one aspect of the
present disclosure, the member may be provided in plurality,
and the members may be separated from one another on the
second portion.

[0039] According to the above-described configuration, the
member is provided in plurality. The first power line and the
second power line are thus disposed between the members, in
plan view of the substrate. As such, the positions where the
members are provided do not overlap where the first power
line and the second power line are arranged, in plan view of
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the substrate. Also, providing a plurality of members that are
separated from one another enables stable contact with the
mask.

[0040] In the display panel pertaining to one aspect of the
present disclosure, the multi-layer wiring layer may further
include thin-film transistors that control light emission by the
organic electroluminescence elements and that each include a
plurality of layers disposed one on top of another, the multi-
layer wiring layer may further include amound portion below
the member, the mound portion including the plurality of
layers included in the thin-film transistors and having a flat
top portion, and in the second portion, a height of a top face of
the multi-layer wiring layer from the top face of the substrate
may be greater where the mound portion is located than where
the mount portion is not located.

[0041] According to the above-described configuration, the
height of the top portion of the member relative to the top face
of the multi-layer wiring layer is reduced, and the member
can be easily formed so that the height of the top portion
thereof, relative to the top face of the substrate, is higher than
the height of the top portion of the partition wall, relative to
the top face of the substrate.

[0042] In the display panel pertaining to one aspect of the
present disclosure, in the second portion, the first power line
may include a first wiring portion that, in plan view of the
substrate, extends linearly from the first portion, in the second
portion, the second power line may include a second wiring
portion that, in plan view of the substrate, extends linearly
from the first portion in parallel to the first wiring portion, and
a third wiring portion that is connected to the second wiring
portion and that, in plan view of the substrate, extends
orthogonal to the second wiring portion, and the first wiring
portion and the third wiring portion may be on different layers
of the multi-layer wiring layer and intersect without direct
contact in the second portion.

[0043] In the display panel pertaining to one aspect of the
present disclosure, in the second portion, the first power line
may include a fourth wiring portion that is connected to the
first wiring portion and that, in plan view of the substrate,
extends orthogonal to the first wiring portion, in the second
portion, the second power line may include a fifth wiring
portion that is connected to the third wiring portion and that,
in plan view of the substrate, extends in parallel to the second
wiring portion, and the fourth wiring portion and the fifth
wiring portion may be disposed on different layers of the
multi-layer wiring layer and intersect without direct contact
in the second portion.

[0044] According to the above-described configurations,
the first power line intersects the second power line in the
second portion of the multi-layer wiring layer, and the mem-
ber is provided so as to avoid the position of this intersection.
Thus, the probability of mis-pressing occurring, during the
manufacturing process, at the position where the first power
line intersects the second power line is reduced.

[0045] One aspect of the present disclosure is a manufac-
turing method for a display panel on which a plurality of
organic electroluminescence elements each including a first
electrode, a second electrode, and an organic light-emitting
layer sandwiched between the first electrode and the second
electrode are arrayed, the manufacturing method including:
forming a multi-layer wiring layer over a substrate, the multi-
layer wiring layer including a first power line receiving a first
electric potential and a second power line receiving a second
electric potential differing from the first electric potential;
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forming the first electrode over the multi-layer wiring layer to
be electrically connected to the first power line, and forming
apartition wall over the multi-layer wiring layer, the partition
wall defining a region where the organic light-emitting layer
is to be formed; forming a member over the multi-layer wir-
ing layer, a height of a top portion of the member from a top
face of the substrate being greater than a height of a top
portion of the partition wall from the top face of the substrate;
forming the organic light-emitting layer in the region defined
by the partition wall; and disposing a mask having an aperture
corresponding at least to the region defined by the partition
wall in contact with the member, and forming a functional
layer at least in the region defined by the partition wall
through the aperture, wherein the multi-layer wiring layer
includes a first portion and a second portion that, in plan view
of the substrate, surrounds the first portion, the organic elec-
troluminescence elements are arrayed on a top face of the first
portion, in the second portion, the first power line and the
second power line intersect without direct contact, and the
member is formed to be positioned on the second portion
without overlapping at least one of the first power line and the
second power line in plan view of the substrate.

[0046] According to the above-described configuration, the
member is formed over the second portion of the multi-layer
wiring layer, prior to the deposition of the functional layer. As
such, the deposition of the functional layer can be performed
by covering the intermediate product of the display panel with
a mask, while the mask is in contact with the member.
Accordingly, when a foreign object unintentionally adhering
to the multi-layer wiring layer is sufficiently small, that is,
where a height of a top portion of the foreign object is lower
than the height of the top portion of the member, the mask
does not come into contact with the foreign object. As such,
localized mis-pressing does not occur at the position of the
unintended foreign object. Also, when the height of the top
portion of the foreign object is approximately equal to the
height of the member top portion, the pressure from the mask
is distributed across the foreign object and the member, thus
relieving any mis-pressing caused by the foreign object. Fur-
ther, the member is positioned in a region that does not over-
lap at least one of the first power line and the second power
line, in plan view and that does not overlap the position where
the first power line intersects the second power line. As such,
the position where the first power line intersects the second
power line is not subject to mis-pressing by the member.
According to the above, the probability of mis-pressing
occurring, during the manufacturing process, at the position
where the first power line intersects the second power line in
the multi-layer wiring layer is reduced.

[0047] Embodiments of a display panel pertaining to
aspects of the present disclosure are described below, with
reference to the drawings.

Embodiment 1

1. Display Panel Configuration

[0048] FIG. 1A is a plan view layout diagram of a display
panel 100 pertaining to Embodiment 1. The display panel 100
includes a display region 10 and a frame region 20 surround-
ing the display region 10, in plan view.

[0049] A plurality of pixels are arrayed in a matrix within
the display region 10. For example, when the display panel is
a panel having 4K resolution, the matrix includes 3840 pixels
per horizontal line and 2160 pixels per vertical line. Each
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pixel includes a plurality of sub-pixels each having a different
color. In the present Embodiment, each pixel includes a red
sub-pixel, a green sub-pixel, and a blue sub-pixel. Each sub-
pixel is configured from one organic electroluminescence
element.

[0050] The frame region 20 is a rectangular frame having
partition regions V, through V|, on a long side and partition
regions H, through H,, on a short side. Each of the partition
regions V, through V, and H, through H , is electrically
connected to an external drive circuit.

[0051] FIG. 1B illustrates an expanded view of partition
region V. Partition region V| includes a positive electrode
power line 114 serving as a first power line, a negative elec-
trode power line 119 serving as a second power line, and a
plurality of data signal lines 113. The first and second power
lines are supplied with different electric potential. Further-
more, partition region V| is provided with a plurality of mask-
holding members 4 separated from one another with spacing
along the long side of the frame region 20.

[0052] Each ofpartition regions V, throughV |  is similar to
partition region V,. In each of the partition regions V, the
positive electrode power line 114 and the negative electrode
power line 119 supply electric power to organic electrolumi-
nescence elements in a plurality of pixels arranged along a
plurality of vertical lines. For example, when the display
panel 100 is a panel having 4K resolution and includes 16 of
the partition regions V, each of the partition regions V supplies
electric power from the positive electrode power line 114 and
the negative electrode power line 119 to organic electrolumi-
nescence elements in pixels arranged along 240 vertical lines.
[0053] The data signal lines 113 each transport a voltage
signal indicating brightness to a corresponding organic elec-
troluminescence element, to which the positive electrode
power line 114 and the negative electrode power line 119
supply electric power. When the display panel 100 is a panel
having 4K resolution and includes 16 of the partition regions
V, 720 of the data signal lines 113 are present in each partition
region V.

[0054] Also, partition regions H, through H, , are similar to
partition regions V through V , differing only in the type of
wiring disposed therein. Specifically, each of the partition
regions H, through H,, includes a plurality of scan signal
lines each transporting a select signal for selecting a horizon-
tal line in the display region 10. Furthermore, each partition
region H is provided with a plurality of mask-holding mem-
bers 4 separated from one another with spacing along the
short side of the frame region 20. When the display panel 100
is a panel having 4K resolution and includes 12 of the parti-
tion regions H, 180 of the scan signal lines are present in each
partition region H.

[0055] Here, a horizontal line is selected by a scan signal
line transporting the select signal. Further, the brightness of
each of the organic electroluminescence elements arranged
along the horizontal line so selected is set by a corresponding
one of the data signal lines 113 transporting a voltage signal
indicating brightness to the organic electroluminescence ele-
ment. As such, the data signal lines 113 and the scan signal
lines serve as signal lines transporting signals for setting the
brightness of organic electroluminescence elements.

1.1. Display Region Configuration

[0056] FIG. 2 is a partial cross-sectional diagram illustrat-
ing the overall configuration of the display region 10 of the
display panel 100. The cross-section depicted is taken along
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line A-A of FIG. 1A. The display region 10 of the display
panel 100 includes a multi-layer wiring layer 2 and an organic
electroluminescence element 3, layered in the stated order
over a substrate 1. In FIG. 2, the range of only one organic
electroluminescence element corresponding to one sub-pixel
is depicted.

1.1.1. Substrate

[0057] The substrate 1 is formed from one of an inorganic
material and an organic material. Specific examples of the
material of the substrate 1 include, for example, insulating
materials such as non-alkali glass, soda glass, non-fluorescent
glass, phosphate glass, borate glass, quartz, acrylic resin,
styrene resin, polycarbonate resin, epoxy resin, polyethylene,
polyester, silicone resin, and aluminum oxide. An organic
resin film may also be used.

1.1.2. Multi-layer Wiring Layer

[0058] A gate electrode 102 and a gate electrode 103 are
formed on the substrate 1 with mutual spacing therebetween.
The gate electrode 102 and the gate electrode 103 are formed
from any of aluminum, aluminum alloy, copper, and copper
alloy, for example. Also, the gate electrode 102 and the gate
electrode 103 may have a single-layer configuration, namely
one of an aluminum layer, an aluminum alloy layer, a copper
layer, and a copper alloy layer, and may also have a layered
configuration in which any one of these layers has another
metal layer layered thereon. For example, any of a layered
configuration of a copper layer and a titanium layer, a layered
configuration of a copper layer and a molybdenum layer, and
a layered configuration of an aluminum layer and a titanium
layer may be used.

[0059] A scan signal line 104 is additionally formed over
the substrate 1. The scan signal line 104 extends along a
horizontal line of the display panel 100, is electrically con-
nected to the respective gate electrodes 102 of all sub-pixels
along the same horizontal line, and extends as far as the frame
region 20.

[0060] A gate insulation layer 105 is formed so as to cover
the gate electrode 102, the gate electrode 103, the scan signal
line 104, and a surface of the substrate 1. The gate insulation
layer 105 is formed from a known gate insulation body mate-
rial such as silicon oxide (SiO).

[0061] A channel layer 106 is formed over the gate insula-
tion layer 105, at a portion thereof corresponding to the gate
electrode 102. Also, a channel layer 107 is formed over the
gate insulation layer 105, at a portion thereof corresponding
to the gate electrode 103.

[0062] A channel protection layer 108 is formed so as to
cover the channel layer 106, the channel layer 107, and a
surface of the gate insulation layer 105.

[0063] A drain electrode 109, a drain electrode 111, a
source electrode 110, and a source electrode 112 are formed
over the channel protection layer 108. The drain electrode 109
and the source electrode 110 are each electrically connected
to the channel layer 106 through a contact hole passing
through the channel protection layer 108. Likewise, the drain
electrode 111 and the source electrode 112 are each electri-
cally connected to the channel layer 107 through a contact
hole passing through the channel protection layer 108. The
drain electrode 109, the drain electrode 111, the source elec-
trode 110, and the source electrode 112 are each formed from
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one of molybdenum, tungsten, vanadium, ruthenium, gold,
coppet, and an alloy of any of these metals.

[0064] A wiring portion 113a of one data signal line 113
and a branch portion 1144 of the positive electrode power line
114 are additionally formed over the channel protection layer
108. The wiring portion 113« extends along a vertical line of
the display panel 100, is electrically connected to the drain
electrode 109 of the organic electroluminescence elements 3
of all sub-pixels along the same vertical line, and extends as
far as the frame region 20. The branch portion 114a also
extends along the vertical line of the display panel 100, is
electrically connected to the drain electrode 111 of the
organic electroluminescence elements 3 of all sub-pixels
along the same vertical line, and extends as far as the frame
region 20.

[0065] A lower passivation layer 115 is formed so as to
cover the drain electrode 109, the drain electrode 111, the
source electrode 110, the source electrode 112, the wiring
portion 113a, the branch portion 1144, and a top of the chan-
nel protection layer 108. The lower passivation layer 115 is
formed from an inorganic material such as silicon oxide
(810). A contact hole is provided in the lower passivation
layer 115, above the source electrode 112.

[0066] A side wall of the contact hole in the lower passiva-
tion layer 115 is covered by a connection electrode 116. The
connection electrode 116 has a bottom portion that is electri-
cally connected to the source electrode 112 and a top portion
that covers a part of the lower passivation layer 115. The
connection electrode 116 may be formed from the same mate-
rial as the source electrode 112.

[0067] An upper passivation layer 117 is formed so as to
cover the connection electrode 116 and a surface of the lower
passivation layer 115. An inter-layer insulation layer 118 is
stacked over the upper passivation layer 117. The inter-layer
insulation layer 118 is formed from an insulating material
such as a polyimide resin, an acrylic resin, and the like.
[0068] A contact hole 118a is provided in the upper passi-
vation layer 117 and the inter-layer insulation layer 118. The
connection electrode 116 is exposed at the interior of contact
hole 118a.

[0069] A branch portion 119¢ of the negative electrode
power line 119 is arranged over the inter-layer insulation
layer 118. The branch portion 119« extends along a vertical
line of the display panel 100. One branch portion 119z is
provided for every set of three sub-pixels aligned along a
horizontal line.

[0070] The gate electrode 102, the gate insulation layer
105, the channel layer 106, the drain electrode 109, and the
source electrode 110, within the multi-layer wiring layer 2
configured as described above, configure a thin-film transis-
tor Trl. Likewise, the gate electrode 103, the gate insulation
layer 105, the channel layer 107, the drain electrode 111, and
the source electrode 112, within the multi-layer wiring layer
2 configured as described above, configure a thin-film tran-
sistor Tr2. The thin-film transistor Trl serves as a select
transistor, and the thin-film transistor Tr2 serves as a drive
transistor.

1.1.3. Partition Wall

[0071] A partition wall 122 is formed from any of an
organic material such as an acrylic resin, a polyimide resin,
and a novolac-type phenol resin, and an inorganic material
such as silicon oxide (SiO) and silicon nitride (SiN). The
partition wall 122 defines the sub-pixels. The height of a top
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face of the partition wall 122, from a top face of the inter-layer
insulation layer 118, is approximately 1 pm. Each region
defined by the partition wall 122 is a sub-pixel region. Fur-
ther, three such sub-pixel regions aligned along a horizontal
line form a pixel region.

1.1.4. Organic Electroluminescence Element

[0072] The organic electroluminescence element 3
includes a pixel electrode 120, a hole injection layer 121, a
hole transport layer 123, an organic light-emitting layer 124,
an electron transport layer 125, and a counter electrode 126,
all of which are layered over the multi-layer wiring layer 2.
[0073] Thepixel electrode 120, which serves as a first elec-
trode of the present disclosure, forms a line or a matrix over
the inter-layer insulation layer 118 of the multi-layer wiring
layer 2, and is electrically connected to the connection elec-
trode 116 of the multi-layer wiring layer 2 through the contact
hole 118a. The pixel electrode 120 is, for example, configured
from an optically reflective material such as aluminum, silver,
an alloy of silver, palladium, and copper (hereinafter, APC),
and an alloy of silver, rubidium, and gold (hereinafter, ARA).
[0074] The hole injection layer 121 covers respective sur-
faces of the inter-layer insulation layer 118, the branch por-
tion 119a, and the pixel electrode 120. The hole injection
layer 121 is formed from a transition metal oxide. The tran-
sition metal oxide may be an oxide of a transition metal or an
oxide of an alloy containing a transition metal. A transition
metal is any element in groups 3 through 11 of the periodic
table. Among such transition metal elements, any one of
tungsten, molybdenum, nickel, titanium, vanadium, chro-
mium, manganese, iron, cobalt, niobium, hafnium, tantalum,
and so on is beneficial due to having high hole injection
performance once oxidized. Specifically, tungsten, molybde-
num, and nickel have greater hole injection capabilities when
oxidized, in comparison to other transition metals, due to
having a high in-gap state upon oxidation. As such, these
elements are beneficially used as the transition metal for the
hole injection layer 121 in the display panel 100.

[0075] The hole transport layer 123 and the organic light-
emitting layer 124 are layered in the stated order within one
sub-pixel region defined by the partition wall 122.

[0076] Theholetransport layer 123 is, for example, formed
from one of poly(3,4-ethylenedioxythiophene) polystyrene
sulfonate (hereinafter, PEDOT:PSS) and a PEDOT:PSS
derivative (e.g., a copolymer or the like), and serves to trans-
port holes injected by the hole injection layer 121 to the
organic light-emitting layer 124.

[0077] The organic light-emitting layer 124 is formed, for
example, from poly(9,9-di-n-octylfluorene-alt-benzothiadia-
zole) (hereinafter, F8BT), which is an organic macromol-
ecule, and serves to emit light through organic electrolumi-
nescence. The organic light-emitting layer 124 is not limited
to being formed from F8BT. That is, the organic light-emit-
ting layer 124 may be formed to include other known organic
materials. For example, any one of oxinoid compound,
perylene compound, coumarin compound, azacoumarin
compound, oxazole compound, oxadiazole compound,
perinone compound, pyrrolo-pyrrole compound, naphtha-
lene compound, anthracene compound, fluorene compound,
fluoranthene compound, tetracene compound, pyrene com-
pound, coronene compound, quinolone compound and aza-
quinolone compound, pyrazoline derivative and pyrazolone
derivative, rhodamine compound, chrysene compound,
phenanthrene compound, cyclopentadiene compound, stil-
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bene compound, diphenylquinone compound, styryl com-
pound, butadiene compound, dicyanomethylene pyran com-
pound, dicyanomethylene thiopyran compound, fluorescein
compound, pyrylium compound, thiapyrylium compound,
selenapyrylium compound, telluropyrylium compound, aro-
matic aldadiene compound, oligophenylene compound,
thioxanthene compound, cyanine compound, acridine com-
pound, metal complex of a 8-hydroxyquinoline compound,
metal complex of a 2-bipyridine compound, complex of a
Schiff base and a group I1I metal, metal complex of oxine, and
rare earth metal complex, as disclosed in Japanese Patent
Application Publication No. H5-163488, is beneficial.
[0078] The electron transport layer 125, the counter elec-
trode 126, and a sealing layer 127 are layered in the stated
order to extend continuously across the regions defined by the
partition wall 122.

[0079] The electron transport layer 125 is formed, for
example, from one of barium, phthalocyanine, lithium fluo-
ride, and a mixture thereof. The electron transport layer 125
serves to transport electrons injected by the counter electrode
126 to the organic light-emitting layer 124.

[0080] The counter electrode 126, which serves as a second
electrode of the present disclosure, is formed from one of
indium-tin oxide (hereinafter, ITO) and indium-zinc oxide
(hereinafter, IZ0), for example. When the organic electrolu-
minescence element 3 is a top emission element, the material
for the counter electrode 126 is beneficially optically trans-
missive. When the material for the counter electrode 126 is
one of silver and an alloy that includes silver, the counter
electrode 126 is formed with a thickness allowing light to pass
therethrough. Specifically, a thickness of no less than 20 nm
and no more than 30 nm is beneficial.

1.1.5. Sealing Layer

[0081] The sealing layer 127 is formed, for example, from
a material such as silicon nitride (SiN) and silicon oxynitride
(SiON). The sealing layer 127 serves to constrain exposure of
the organic electroluminescence element 3 and the like to
water and to the atmosphere. When the organic electrolumi-
nescence element 3 is a top-emission element, the sealing
layer 127 is beneficially configured from an optically trans-
missive material.

1.2. Frame Region Configuration

[0082] FIG.3is aschematic diagram illustrating the wiring
layout in the frame region 20. FIG. 3 illustrates the wiring in
the multi-layer wiring layer 2 within the range surrounded by
chained line Ein FIG. 1B. InFIG. 3, the upper side of the page
faces the display region 10, the longitudinal direction of the
page is aligned with the short side of the frame region 20, and
the lateral direction of the pageis aligned with the long side of
the frame region 20. FIG. 4 is a partial cross-sectional dia-
gram illustrating the overall configuration of the display panel
100, taken along line C-C of FIG. 3. FIG. 5 is a partial
cross-sectional diagram illustrating the overall configuration
of the display panel 100, taken along line B-B of FIG. 3.
[0083] As illustrated in FIG. 3, the negative electrode
power line 119 includes a plurality of branch portions 119, a
stem portion 1195 connected thereto, and extensions 119¢,
1194, and 119¢ extending from the stem portion 1195.
[0084] Each of the branch portions 119a extends linearly
from the display region 10 to the frame region 20, being
parallel to the short side of the frame region 20.
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[0085] Thestem portion 1196 extends in parallel to the long
side of the frame region 20 and is connected to all of the
branch portions 119« arranged within one partition region V.
Thus, the negative electrode power line 119 becomes a single
line at the stem portion 1195.

[0086] The extensions 119¢, 1194, and 119e extend in par-
allel to the short side of the frame region 20. Here, the exten-
sions 119¢, 1194, and 119e are aligned linearly, in plan view.
However, as illustrated in FIG. 4, the extensions 119¢, 1194,
and 119e are each arranged in a different tier of the multi-
layer wiring layer 2.

[0087] Specifically, the top face of the substrate 1 is con-
sidered a first tier, the top face of the channel protection layer
108 is considered a second tier, the top face of the lower
passivation layer 115 is considered a third tier, and the top
face of the inter-layer insulation layer 118 is considered a
fourth tier. As such, the extension 119¢ is formed on the third
tier, and is electrically connected to the stem portion 1195,
which is formed on the fourth tier, through a contact hole
119p. The extension 119d is formed on the second tier, and is
electrically connected to the extension 119¢, which is formed
on the third tier, through a contact hole 119¢. The extension
119e is formed on the first tier, and is electrically connected to
the extension 1194, which is formed on the second tier,
through a contact hole 119#

[0088] Returning to FIG. 3, the positive electrode power
line 114 includes a plurality of the branch portions 1144, a
stem portion 1145 connected thereto, and an extension 114¢
extending from the stem portion 1145.

[0089] Each of the branch portions 114a extends linearly
from the display region 10 to the frame region 20, being
parallel to the short side of the frame region 20.

[0090] Thestem portion 1145 extends in parallel to the long
side of the frame region 20 and is connected to all of the
branch portions 114¢ arranged within one partition region V.
Thus, the positive electrode power line 114 becomes a single
line at the stem portion 114b.

[0091] The extension 114¢ extends in parallel to the short
side of the frame region 20. Here, the stem portion 1145 is
formed on the second tier, and the extension 114¢ is formed
on the first tier. The stem portion 1145 and the extension 114¢
are electrically connected through a contact hole 114p.
[0092] According to this wiring layout, in plan view of the
substrate 1, the positions where the branch portions 114a
connect to the stem portion 1144 are located farther from the
display region 10, in comparison with the position where the
stem portion 1195 is arranged. As such, the branch portions
1144 extend from the display region 10 and intersect, without
direct contact, the stem portion 1194 at positions 30a, before
connecting to the stem portion 1145. In addition, the position
where the stem portion 1195 is arranged is located closer to
the display region 10, in comparison with the position where
the stem portion 1145 is arranged. Thus, the extension 119¢,
which extends from the stem portion 1195 toward a direction
opposite the display region 10, intersects, without direct con-
tact, the stem portion 114b at position 305.

[0093] Further, each of the data signal lines 113 includes a
wiring portion 113a, formed on the second tier, and a wiring
portion 1135, formed on the first tier. The wiring portions
1134 and the wiring portion 1135 are connected via a contact
hole 113p.

[0094] Here, the wiring portions 1135 of some of the data
signal lines 113 differ from the wiring portions 1135 of the
rest of the data signal lines 113, which extend linearly from
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the corresponding wiring portions 113a. Due to such different
wiring portions 1135 existing, the density of the wiring por-
tions 1135 changes. Specifically, among wiring portions 1135
included in two wiring portion sets respectively correspond-
ing to two pixels adjacent side-by-side, four wiring portions
1135 nearest to a boundary between the two pixels each (i)
extend from the corresponding wiring portion 113a along the
short side of the frame region 20, (i) make a first turn away
from the boundary to extend along the long side of the frame
region 20, (iii) make a second turn to extend along the short
side of the frame region 20, (iv) make a third turn toward the
boundary to extend toward the boundary, and (v) make a
fourth turn at a position where a virtual line being an exten-
sion of the corresponding wiring portion 113a meets the
wiring portion 1135 to extend along the short side of the
frame region 20.

[0095]  As a result, at the vicinity of the boundary, a region
is formed where there is no wiring, or more specifically, a
region including none of the positive electrode power line
114, the negative electrode power line 119, and the data signal
lines 113. Such a region is formed for each pair of two pixels
adjacent side-by-side, at the vicinity of the boundary between
the two pixels. Further, one mask-holding member 4 is
formed over each of such regions. Here, due to the positions
where the stem portion 1146 and the stem portion 1195 are
arranged being closer to the display region 10, in comparison
with the position where the mask-holding member 4 is
formed, the mask-holding member 4 does not overlap with
the positions 30a, where the stem portion 1195 and the branch
portion 114a intersect, or the position 305, where the stem
portion 1145 and the extension 119¢ intersect.

[0096] Specifically, as illustrated in FIG. 5, the mask-hold-
ing menber 4 is formed over the inter-layer insulation layer
118 on the fourth tier. Further, each of the tiers below the
mask-holding member 4 (i.e., the first tier, the second tier, and
the third tier) does not have any wiring (i.e., the positive
electrode power line 114, the negative electrode power line
119, or the data signal lines 113) provided thereon. Also, in
plan view of the substrate 1, the mask-holding member 4 has
a square shape with sides of approximately 10 um. Further, a
top portion 4a of the mask-holding member 4 is located at a
height of approximately 10 um from the top face of the
inter-layer insulation layer 118, and a height of the top portion
da from a top face 1a of the substrate 1 is greater than a height
of a top portion 122q of the partition wall 122 from the top
face 1a of the substrate 1.

[0097] Further, when the display panel 100 has a wide
display region 10 and a narrow frame region 20, the mask
used in manufacturing the display panel 100 may not cover
the positions 30a and the position 305. Even when using such
mask, the mask needs to cover the positive electrode power
line 114 and the negative electrode power line 119 at the edge
of the display panel 100, so that the positive electrode power
line 114 and the negative electrode power line 119 can be
connected with the drive circuit. However, in the display
panel 100, the mask-holding member 4 is formed between the
positions 30a and position 306 and the edge of the display
panel 100. As such, using a mask covering the area from the
mask-holding member 4 to the edge of the display panel 100
results in the mask covering the portions of the positive elec-
trode power line 114 and the negative electrode power line
119 to be exposed, while the mask-holding member 4 avoids
unintentional localized mis-pressing.
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2. Manufacturing Method for Display Panel

[0098] A manufacturing method for the display panel 100
pertaining to the present Embodiment is characterized for the
forming of the organic electroluminescence elements 3,
which is performed after the formation of the multi-layer
wiring layer 2, being interrupted once for the forming of the
mask-holding members 4 and being resumed after the form-
ing of the mask-holding members 4. As such, the following
explanation describes the manufacturing of the display panel
100 from a point following the formation of the multi-layer
wiring layer 2 until the formation of the mask-holding mem-
bers 4. FIGS. 6A through 6F are schematic diagrams illus-
trating the manufacturing of the display panel 100, from a
point after the formation of the multi-layer wiring layer 2 until
the formation of the mask-holding members 4. In FIGS. 6A
through 6F, the left-hand side illustrates a cross-section of the
display region 10 along a horizontal line, and the right-hand
side illustrates a cross-section of the frame region 20 along a
vertical line.

[0099] As illustrated in FIG. 6A, first, a multi-layer wiring
substrate 101 is prepared. The multi-layer wiring substrate
101 is an intermediate product at a point prior to the formation
of the branch portion 1194 and the stem portion 1195 of the
negative electrode power line 119 over the inter-layer insula-
tion layer 118.

[0100] Next, as illustrated in FIG. 6B, the pixel electrode
120 and the branch portion 119a of the negative electrode
power line 119 are formed over the inter-layer insulation layer
118 within the display region 10, and the stem portion 1195 of
the negative electrode power line 119 is formed within the
frame region 20. The pixel electrode 120, the branch portion
1194, and the stem portion 1196 may be formed in one same
process. An example of such a process is described. First, a
film of metallic material is formed uniformly over the inter-
layer insulation layer 118 by sputtering the metallic material.
Then, a resist layer is uniformly formed over the metallic
material film so deposited. Further, a mask having apertures
of a predetermined shape is superposed over the resist layer,
and the mask is then exposed to light from above. Subse-
quently, any excess resist is washed away with a developing
fluid (e.g., a tetra methyl ammonium hydroxide (hereinafter,
TMAH) solution). Afterward, wet etching of the metallic
material film is performed with a wet etching fluid, with
respect to both the display region 10 and the frame region 20
at once. Finally, the resist layer is removed with an organic
peeling fluid, for example. This completes the patterning to
form the shape of the pixel electrode 120, the branch portion
1194, and the stem portion 1195.

[0101] After the formation of the pixel electrode 120, a
metallic material having lower resistivity than the material of
the pixel electrode 120 is used to form the branch portion
1194 and the stem portion 1195, using a similar process as the
forming of the pixel electrode 120. Here, although not illus-
trated in FIG. 6B, the stem portion 1195 is electrically con-
nected to the extension 119¢ through the contact hole 119p in
the multi-layer wiring layer 2.

[0102] Next, as illustrated in FIG. 6C, the hole injection
layer 121 is formed uniformly over the interlayer insulation
layer 118, the branch portion 1194, and the pixel electrode
120, within the display region 10. Meanwhile, within the
frame region 20, the hole injection layer 121 is deposited as
far as where the stem portion 1195 has been formed. The hole
injection layer 121 may be formed by using a reactive sput-
tering method, for example.
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[0103] Furthermore, as illustrated in FIG. 6D, the partition
wall 122 is formed over the hole injection layer 121.

[0104] After the formation of the partition wall 122, the
mask-holding member 4 is formed in the frame region 20, as
illustrated in FIG. 6E. The mask-holding member 4 may be
formed using a die coating method, for example. When form-
ing the mask-holding member 4 using the die coating method,
the top portion 4a of the mask-holding member 4 is benefi-
cially located at a height of approximately 10 from the top
face of the inter-layer insulation layer 118. For example, the
mask-holding member 4 having the height of approximately
10 pm may be formed by applying a high-viscosity ink. As
another example, the mask-holding member 4 having the
height of approximately 10 um may also be formed by apply-
ing an ink material including a spacer having a diameter on
the order of 10 um. As yet another example, the mask-holding
member 4 having the height of approximately 10 pum may also
be formed by applying a high-viscosity ink from a nozzle
having a diameter on the order of 10 pm.

[0105] In the manufacturing method for the display panel
100 pertaining to the present Embodiment, the mask-holding
members 4 are formed through such a process.

[0106] Here, when forming the pixel electrode 120 using
the same metallic material as the branch portion 119 of the
negative electrode power line 119, the branch portion 119a
and the pixel electrode 120 may be formed in one same
process during the manufacturing of the multi-layer wiring
layer 2. Such a process involves, for example, uniformly
forming a film of metallic material over the inter-layer insu-
lationlayer 118 by sputtering the metallic material, uniformly
forming a resist layer over the metallic material film, and
performing wet etching of the metallic material film with
respect to both the display region 10 and the frame region 20
at once. This completes the patterning to form the shapes of
the branch portion 119a and the pixel electrode 120.

2.1. Deposition following Mask-holding Member
Formation

[0107] Once the mask-holding members 4 have been
formed, the formation of the organic electroluminescence
elements 3 is resumed in the manufacturing method of the
display panel 100 pertaining to the present Embodiment.

[0108] The forming of the organic electroluminescence
elements 3, which is performed after the forming of the mask-
holding members 4, includes the deposition of certain layers
using a mask having a frame portion that covers the frame
region 20. Layers of the organic electroluminescence element
3 that are formed through deposition using such a mask
include the electron transport layer 125, the counter electrode
126, and the sealing layer 127, for example. Typically, the
electron transport layer 125 is formed using a vapor deposi-
tion method, the counter electrode 126 is formed using one of
a sputtering method and a vapor deposition method, and the
sealing layer 127 is formed using one of a CVD method and
an ALD method.

[0109] The mask-holding members 4 come in contact with
the mask and receive the pressure from the mask in the depo-
sition of such layers. The following explains how the mask-
holding members 4 function during the deposition of such
layers, with reference to the deposition of the electron trans-
port layer 125, which is taken as one example of layer depo-
sition conducted following the formation of the mask-holding
members 4.
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[0110] FIG. 7 is a schematic diagram illustrating the depo-
sition of the electron transport layer 125. FIG. 7 illustrates a
state where a mask 200 is in contact with a display panel
intermediate product, at a point prior to the forming of the
electron transport layer 125 during the manufacturing of the
display panel 100. The mask 200 is typically a metallic plate
of invar or the like that has been subjected to patterning
through etching, lasering, and so on, or a resist pattern having
a metal deposited thereon using soldering.

[0111] InFIG. 7, the mask 200 covers the frame region 20.
The mask 200 is arranged parallel to the substrate 1, so as to
come into contact with the top portion 4a of the mask-holding
member 4. Here, even if a foreign object 300 is present, the
mask 200 does not come in contact with the foreign object
300 and thus, mis-pressing of the multi-layer wiring layer 2
by the mask 200 via the foreign object 300 does not occur, as
long as a height ofa top portion 300a of the foreign object 300
from the top face 1a of the substrate 1 is smaller than the
height of the top portion 4a of the mask-holding member 4
from the top face 1a of the substrate 1.

[0112] Specifically, as illustrated in FIG. 7, the risk of
short-circuiting between the negative electrode power line
119 and the positive electrode power line 114 occurring due to
mis-pressing of the multi-layer wiring layer 2 is reduced even
when the foreign object 300 is adhering to one of the positions
30a, where the stem portions 1196 and the branch portion
1144 intersect without direct contact.

[0113] Meanwhile, in deposition using the vapor deposi-
tion method, the sputtering method, the CVD method, or the
like, a gap existing between the mask and the display panel
intermediate product, on which a layer is formed through the
deposition, poses a risk of vaporized vapor deposition mate-
rial or sputtering particles entering through apertures of the
mask to be deposited below the mask. In the example illus-
trated in FIG. 7, the mask 200 is in contact with the top portion
4a of the mask-holding member 4. Thus, there is a gap
between the mask 200 and the partition wall 122, above the
frame region 20.

[0114] However, this gap has a height equal to the differ-
ence in height between the top portion 4a and the top portion
1224, which is approximately 9 um in the present Embodi-
ment. With a gap of this size, the amount of vaporized vapor
deposition material slipping beneath the mask 200 is suffi-
ciently small, and thus, the electron transport layer 125 is not
formed in the frame region 20 covered by the mask 200.
[0115] That is, it is beneficial that the mask-holding mem-
bers 4 be provided with a height that substantially prevents
vaporized vapor deposition material, sputtering particles, or
the like from entering the gap produced under the mask 200
when the mask 200 comes into contact with the top portions
4 during deposition using the vapor deposition method, the
sputtering method, the CVD method, or the like.

[0116] Performing deposition as described above enables
manufacturing the display panel 100 pertaining to the present
Embodiment while avoiding contact between the mask 200
and any foreign object 300 unintentionally adhering to the
frame region 20.

[0117] Although FIG. 7 illustrates deposition being per-
formed with the deposition target surface oriented upward,
actual vapor deposition involves the mask 200 being fixed to
the display panel intermediate product with the deposition
target surface oriented downward. Fixing the mask 200 with
the deposition target surface oriented downward involves, for
example, configuring the mask 200 with an iron alloy, arrang-
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ing the mask 200 below the display panel intermediate prod-
uct with the deposition target surface oriented downward, and
using a magnet to attract having the mask 200 to the display
panel intermediate product from an underside of the substrate
1.

[0118] Meanwhile, deposition using the sputtering method
can be performed while loading the mask 200 onto the display
panel intermediate product with the deposition target face
oriented upward.

3. Effects

[0119] The display panel 100 pertaining to the above-de-
scribed disclosure has the mask-holding members 4 provided
over the multi-layer wiring layer 2 in the frame region 20. As
such, although some foreign object may unintentionally
adhere to the multi-layer wiring layer 2 during the manufac-
turing of the display panel 100, the mask 200 arranged par-
allel to the substrate 1 comes into contact with the mask-
holding members 4, provided that the height of the top portion
300a of the foreign object 300 from the top face 1a of the
substrate 1 is smaller than the height of the top portions 4a of
the mask-holding members 4 from the top face 1a of the
substrate 1. This prevents the multi-layer wiring layer 2 from
being damaged at an unintended position due to the mask 200
coming into contact with the foreign object 300.

[0120] Furthermore, each mask-holding member 4 is pro-
vided at a position not overlapping at least one of the positive
electrode power line 114 and the negative electrode power
line 119, in plan view of the display panel 100. That is, the
mask-holding member 4 does not overlap any of the positions
30a, where the positive electrode power line 114 and the
negative electrode power line 119 intersect without direct
contact. As such, although the multi-layer wiring layer 2 may
be pressed-down at the position where the mask-holding
member 4 is provided when the mask 200 comes into contact
with the mask-holding member 4, problems such as short-
circuiting between the positive electrode power line 114 and
the negative electrode power line 119, a decrease in distance
between the positive electrode power line 114 and the nega-
tive electrode power line 119, a reduction in withstand volt-
age, and an increase in leak current are nevertheless be
avoided.

[0121] Further still, in the display panel 100 pertaining to
the present disclosure, each mask-holding member 4 is pro-
vided at a position not overlapping the positive electrode
power line 114 and the negative electrode power line 119, in
plan view of the substrate 1. Accordingly, although the multi-
layer wiring layer 2 may be pressed-down at the position
where the mask-holding member 4 is provided when the mask
200 comes into contact with the mask-holding member 4, no
mis-pressing occurs at positions overlapping the positive
electrode power line 114 and the negative electrode power
line 119. This enables changes in resistivity and interruption
due to mis-pressing to be avoided for the positive electrode
power line 114 and the negative electrode power line 119.
[0122] Inaddition, inthe display panel 100 pertaining to the
present disclosure, each mask-holding member 4 is provided
at a position not overlapping the scan signal line 104 and the
data signal lines 113, in plan view of the substrate 1. Accord-
ingly, although the multi-layer wiring layer 2 may be pressed-
down at the position where the mask-holding member 4 is
provided when the mask 200 comes into contact with the
mask-holding member 4, no mis-pressing occurs at positions
overlapping the scan signal line 104 and the data signal lines
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113. This enables changes in resistivity and interruption due
to mis-pressing to be avoided for the scan signal line 104 and
the data signal lines 113.

[0123] Additionally, the plurality of mask-holding mem-
bers 4 in the frame region 20 are separated from one another.
The mask-holding members 4, being separated from one
another, are arranged with mutual separation, and have the
data signal lines 113, the positive electrode power line 114,
and the negative electrode power line 119 arranged therebe-
tween, in plan view. As such, the positions where the mask-
holding members 4 are provided do not overlap where the
data signal lines 113, the positive electrode power line 114,
and the negative electrode power line 119 are arranged, in
plan view.

[0124] Note that when only one mask-holding member is
disposed, the mask 200 may tilt upon coming into contact
with the top portion of this mask-holding member. When this
tilt occurs, the mask 200 may come into contact with the
foreign object 300 even if the height of the top portion 300a of
the foreign object 300 is smaller than the height of the top
portion of the mask-holding member. However, since the
mask-holding members 4 are provided in plurality and are
separated from one another in the present embodiment, the
situation is prevented where the mask 200 tilts and comes in
contact with the foreign object 300 existing between the
mask-holding members 4. Further, the display panel 100 per-
taining to the present disclosure has a rectangular frame, and
the mask-holding members 4 are provided along both the
short edges and the long edges of the display panel 100. That
is, three or more mask-holding members 4 not arranged on a
single straight line are provided, which enables the mask 200
to be stable when put in contact with the mask-holding mem-
bers 4.

[0125] Further, in the frame region, the positive electrode
power line 114 includes the branch portions 114a that, in plan
view of the substrate 1, extend linearly from the display
region 10. Further, in the frame region, the negative electrode
power line 119 includes the branch portions 1194 that, in plan
view of the substrate 1, extend linearly from the display
region 10 in parallel to the branch portions 114a, and the stem
portion 1195 that is connected to the branch portions 119a
and that, in plan view of the substrate 1, extends in a direction
orthogonal to the branch portions 119¢. In addition, in the
frame region 20, the branch portions 114a and the stem por-
tion 1195 are disposed on different layers of the multi-layer
wiring layer 2 and intersect without direct contact.

[0126] In addition, in the frame region 20, the positive
electrode power line 114 includes the stem portion 1145 that
is connected to the branch portions 114a and that, in plan view
of the substrate 1, extends in a direction orthogonal to the
branch portions 114a. Further, in the frame region 20, the
negative electrode power line 119 includes the extensions
119¢ that are connected to the stem portion 1195 and that, in
plan view of the substrate 1, extend in parallel to the branch
portions 119q. In addition, in the frame region 20, the stem
portion 1145 and the extensions 119 care disposed on differ-
ent layers of the multi-layer wiring layer 2 and intersect
without direct contact.

[0127] Inthe frame region 20, the positive electrode power
line 114 and the negative electrode power line 119 intersect
one another as described above. However, the mask-holding
members 4 are disposed not to overlap with such intersections
of the positive electrode power line 114 and the negative
electrode power line 119. Thus, the possibility of mis-press-



US 2016/0172429 Al

ing occurring, during the manufacturing process, at a position
where the positive electrode power line 114 and the negative
electrode power line 119 intersect is reduced.

Embodiment 2

[0128] In Embodiment 1, the manufacturing of the display
panel 100 is performed such that a separate process of form-
ing the mask-holding members 4 is inserted in the process of
forming the organic electroluminescence elements 3. Mean-
while, Embodiment 2 describes a display panel 100a, whose
manufacturing is performed such that the forming of mask-
holding members 4A is included as a part of the process of
forming the organic electroluminescence elements 3.

1. Display Panel Configuration

[0129] FIG. 8 is a schematic diagram illustrating the posi-
tional relationship between a wiring layout and the mask-
holding members 4A in the frame region 20 of the display
panel 1004 pertaining to Embodiment 2. FIG. 8 is similar to
FIG. 3 for illustrating the wiring within the range surrounded
by chained line E in FIG. 1B, which corresponds to two
pixels.

[0130] Similarly to the display panel 100 pertaining to
Embodiment 1, the display panel 100« pertaining to Embodi-
ment 2 includes the data signal lines 113 arranged avoiding
the positions at which the mask-holding members 4 are
formed. The display panel 100a pertaining to Embodiment 2
differs from the display panel 100 pertaining to Embodiment
1 in that a mound portion 40 is provided in the multi-layer
wiring layer 2 at an area where no wiring exists due to some
of the data signal lines 113 of the two pixels, in plan view,
making a detour around the area.

[0131] For example, when the display panel 100q is a
20-inch panel having 4K resolution, each pixel is on the order
of 115 um. As such, arranging some of the data signal lines
113 of the two pixels to make a detour in such a manner
provides the mound portion 40 with a size of approximately
100 pum square, in plan view.

[0132] FIG.9is a partial cross-sectional diagram illustrat-
ing the schematic configuration of the frame region 20 of the
display panel 100a pertaining to Embodiment 2. FIG. 9
depicts a cross-section along line D-D of FIG. 8, including
one mound portion 40 and one mask-holding member 4A
formed thereabove.

[0133] Inthe frame region 20 of the display panel 100a, the
gate insulation layer 105, the channel protection layer 108,
the lower passivation layer 115, the upper passivation layer
117, and the inter-layer insulation layer 118 are formed uni-
formly. This is similar to the display panel 100 pertaining to
Embodiment 1. However, the display panel 100a pertaining
to Embodiment 2 differs from the display panel 100 pertain-
ing to Embodiment 1 in the following aspects.

[0134] Inthe display panel 1004, a gate electrode material
layer 131 is formed over the substrate 1, from the same
material as the gate electrode 102 and the gate electrode 103.
[0135] A channel material layer 132 is formed over the gate
insulation layer 105, from the same material as the channel
layer 106 and the channel layer 107

[0136] A source-drain electrode material layer 133 is
formed over the channel protection layer 108, from the same
material as the drain electrode 109, the drain electrode 111,
the source electrode 110, and the source electrode 112.
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[0137] A connection electrode material layer 134 is formed
over the lower passivation layer 115, from the same material
as the connection electrode 116.

[0138] In plan view of the substrate 1, the gate electrode
material layer 131, the channel material layer 132, the source-
drain electrode material layer 133, and the connection elec-
trode material layer 134 are formed so as to overlap at a single
position and each have a size of approximately 100 pm
square. In the position where these material layers overlap,
the display panel 100a also includes the gate insulation layer
105, the channel protection layer 108, the lower passivation
layer 115, and the upper passivation layer 117. The combina-
tion of these layers stacked one on top of another at the single
position forms the mound potion 40. Further, the mound
portion 40 has a flat top portion 40a.

[0139] The multi-layer wiring layer 2 includes a greater
number of layers at the mound portion 40 than at other areas.
As such, the height of the top portion 404 of the mound
portion 40, from the top face 1a of the substrate 1, is greater
than the height of top portions of otherareas of the multi-layer
wiring layer 2, from the top face 1a of the substrate 1.

[0140] Further, in the display panel 100a, the inter-layer
insulation layer 118 is formed uniformly over the upper pas-
sivation layer 117.

[0141] The inter-layer insulation layer 118 is formed from
an insulating material such as a polyimide resin, an acrylic
resin, and the like. The inter-layer insulation layer 118 typi-
cally serves to cover any indentations at the top face of the
upper passivation layer 117, due to being formed by the
insulating material applied with uniform thickness flowing to
form a flat top surface. As such, the planarization effect of the
inter-layer insulation layer 118 is effective over a limited area,
such as an area in the display region corresponding to one
individual thin-film transistor. Meanwhile, the mound portion
40 is a protrusion covering a relatively great area of approxi-
mately 100 pm square. Further, the flow of the insulating
material before hardening is limited to 50 pm at most.
Accordingly, above where the mound portion 40 exists, the
insulating material for the inter-layer insulation layer 118
hardens before forming a flat top surface. Due to this, the
planarization effect of the inter-layer insulation layer 118 is
incomplete above the mound portion 40, and the portion of
the inter-layer insulation layer 118 above the mound portion
40 protrudes in conformity to the protrusion of the mound
portion 40.

[0142] Here, the size of the mound portion 40 required to
cause the inter-layer insulation layer 118 to harden to pro-
trude as described above without becoming completely pla-
nar is dependent upon the viscosity of the insulating material
for the inter-layer insulation layer 118. That is, the size of the
mound portion 40 is adjustable in accordance with properties
of the insulating material for the inter-layer insulation layer
118.

[0143] Further, in the display panel 100a, a power line
wiring material layer 135 is formed over the inter-layer insu-
lation layer 118, above the mound portion 40. The power line
wiring material layer 135 is formed from the same material as
the branch portions 119a of the negative electrode power line
119.

[0144] Over the power line wiring material layer 135, the
hole injection layer 121 is formed to have the same shape as
the power line wiring material layer 135 in plan view.
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[0145] The partition wall 122 is formed uniformly over the
inter-layer insulation layer 118 and the hole injection layer
121.

[0146] The combination of the power line wiring material
layer 135, the hole injection layer 121, and the portion of the
partition wall 122 over the hole injection layer 121, layered
one on top of another, forms the mask-holding member 4A
pertaining to Embodiment 2.

[0147] The mask-holding member 4A in the display panel
100q, configured as described above, has a thickness greater
than a thickness of a surrounding of the mask-holding mem-
ber 4A by an amount corresponding to the thickness of the
power line wiring material layer 135 and the thickness of the
hole injection layer 121. Further, the mask-holding member
4A is formed where the mound portion 40 is formed in the
multi-layer wiring layer 2. Due to this, the height of the top
portion 4a of the mask-holding member 4A, from the top face
1a of the substrate 1, is greater than the height of the top face
122a of the partition wall 122 where the mound portion 40
does not exist, from the top face 1« of the substrate 1, by an
amount corresponding to more than the thickness of the
power line wiring material layer 135.

[0148] Specifically, it is beneficial that the height of the top
portion 4a of the mask-holding member 4A, from the top face
1a of the substrate 1, be greater than the height of the top face
122q of the partition wall 122 where the mound portion does
not exist, from the top face 1a of the substrate 1, by approxi-
mately 10 pm.

2. Manufacturing Method for Display Panel

[0149] A manufacturing method for the display panel 100a
pertaining to Embodiment 2 is characterized for the processes
conducted until the mask-holding members 4A are formed.
As such, the following explanation describes the manufactur-
ing of the display panel 1004 until the formation of the mask-
holding members 4A. FIGS. 10A through 10G are schematic
diagrams illustrating the manufacturing of the display panel
100q, until the formation of the lower passivation layer 115.
FIGS. 11A through 11E are schematic diagrams illustrating
subsequent processes until the formation of the mask-holding
members 4A. In FIGS. 10A through 10G and FIGS. 11A
through 11E, the left-hand side illustrates a cross-section of
one sub-pixel in the display region 10, and the right-hand side
illustrates a cross-section of the frame region 20. In FIGS.
10A through 10G and FIGS. 11A though 11E, the cross-
section of the frame region 20 is illustrated at a reduced scale
of approximately one-third width.

[0150] As illustrated in FIG. 10A, the substrate 1 is first
prepared in the manufacturing of the display panel 100a.
[0151] Next, as illustrated in FIG. 10B, the gate electrode
102 and the gate electrode 103 are formed over the substrate
11inthe display region 10 by patterning, and the gate electrode
material layer 131 is formed over the substrate 1 in the frame
region 20 by patterning. The gate electrode 102, the gate
electrode 103, and the gate electrode material layer 131 are
formed in one same process. Specifically, such a process may
involve, for example, uniformly forming a film of metallic
material over the substrate 1 by sputtering the metallic mate-
rial, forming a resist layer uniformly over the metallic mate-
rial film, and performing wet etching of the metallic material
film with respect to both the display region 10 and the frame
region 20 at once. This completes the patterning to form the
shapes of the gate electrode 102, the gate electrode 103, and
the gate electrode material layer 131.
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[0152] Then, as illustrated in FIG. 10C, the gate insulation
layer 105 is formed uniformly, in both the display region 10
and the frame region 20. The CVD method may be used for
forming the gate insulation layer 105, for example.

[0153] Afterward, in the display region 10, the channel
layer 106 is formed over a surface portion of the gate insula-
tion layer 105 above the gate electrode 102 by patterning, and
the channel layer 107 is formed over a surface portion of the
gate insulation layer 105 above gate electrode 103 by pattern-
ing, as illustrated in FIG. 10D. In the frame region 20, the
channel material layer 132 is formed over a surface portion of
the gate insulation layer 105 above the gate electrode material
layer 131 by patterning. The channel layer 106, the channel
layer 107, and the channel material layer 132 are formed in
one same process. Specifically, such a process involves uni-
formly forming a film of semiconductor material over the gate
insulation layer 105 by using the CVD method, forming a
resist layer uniformly over the semiconductor material film,
and performing wet etching of the semiconductor material
film with respect to both the display region 10 and the frame
region 20 at once. This completes the patterning to form the
shapes of the channel layer 106, the channel layer 107, and the
channel material layer 132.

[0154] Next, as illustrated in FIG. 10FE, the channel protec-
tion layer 108 is formed in both the display region 10 and the
frame region 20. The forming of the channel protection layer
108 includes the following processes performed in the stated
order: (i) forming a film of insulating material uniformly over
the gate insulation layer 105, the channel layer 106, the chan-
nellayer 107, and the channel material layer 132; (ii) forming,
for each of the channel layer 106 and the channel layer 107, a
contact hole exposing a part of the channel layer by removing
a portion of the insulating material film with a photolithog-
raphy method; and (iii) completing the forming of the channel
protection layer 108 by heating the insulating material film
with parts of the channel layer 106 and the channel layer 107
exposed.

[0155] Subsequently. in the display region 10, wiring is
formed on the channel protection layer 108 by patterning, and
in the frame region 20, the source-drain electrode material
layer 133 is formed on the channel protection layer 108 above
the channel material layer 132, as illustrated in FIG. 10F. The
wiring formed on the channel protection layer 108 in the
display region 10 includes: the drain electrode 109; the drain
electrode 111; the source electrode 110; the source electrode
112; the wiring portion 113a; and the branch portion 114a.
The wiring on the channel protection layer 108 in the display
region 10 and the source-drain electrode material layer 133
may be formed in one same process. Such a process involves,
for example, uniformly forming a film of metallic material on
the channel protection layer 108 by sputtering the metallic
material, forming a resist layer uniformly over the metallic
material layer, and performing wet etching of the metallic
material film with respect to both the display region 10 and
the frame region 20 at once. This completes the patterning to
form the shapes of the wiring on the channel protection layer
108 and the source-drain electrode material layer 133.
[0156] Next, as illustrated in FIG. 10G the lower passiva-
tion layer 115 is formed in both the display region 10 and the
frame region 20. The forming of the lower passivation layer
115 includes the following processes performed in the stated
order: (i) forming a film of insulating material uniformly over
the channel protection layer 108, the wiring on the channel
protection layer 108 in the display region 10, and the source-
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drain electrode material layer 133; (ii) forming a contact hole
exposing a part of the source electrode 112 by removing a
portion of the insulating material film with a photolithogra-
phy method; and (iii) completing the forming of the lower
passivation layer 115 by heating the insulating material film
with a part of the source electrode 112 exposed.

[0157] Then, a film of metallic material is formed uni-
formly over the substrate 1 in both the display region 10 and
the frame region 20 by sputtering the metallic material, with
the contact hole formed in the lower passivation layer 115, a
resist layer is uniformly over the metallic material film, and
wet etching of the metallic material film is performed with
respect to both the display region 10 and the frame region 20
atonce. This completes the patterning to form the shape of the
connection electrode 116 in the display region 10 and the
shape of the connection electrode material layer 134 in the
frame region 20. As a result, in the display region 10, the
connection electrode 116 is formed over the lower passivation
layer 115 and is electrically connected to the source electrode
112 through the contact hole formed in the lower passivation
layer 115, and in the frame region 20, the connection elec-
trode material layer 134 is formed over the lower passivation
layer 115, and as illustrated in FIG. 11A,

[0158] Afterward, as illustrated in FIG. 11B, the upper
passivation layer 117 is formed in both the display region 10
and the frame region 20. Subsequently, as illustrated in FIG.
11C, the inter-layer insulation layer 118 is formed over the
upper passivation layer 117.

[0159] The forming of the upper passivation layer 117
includes the following processes performed in the stated
order: (i) forming a film of insulating material uniformly over
the lower passivation layer 115, the connection electrode 116,
and the connection electrode material layer 134; and (ii)
forming a contact hole exposing a part of the connection
electrode 116 by removing a portion of the insulating material
film with a photolithography method.

[0160] The forming of the inter-layer insulation layer 118
includes the following processes performed in the stated
order: (i) applying a polyimide resin over the upper passiva-
tion layer 117 so that the polyimide resin forms a film having
uniform thickness; (ii) forming the contact hole 1184 by
removing a part of the polyimide resin film corresponding to
the contact hole formed in the upper passivation layer 117,
and (iii) completing the forming of the inter-layer insulation
layer 118 by curing the polyimide resin film.

[0161] The processes up to this point produce the mound
portion 40 in the frame region 20, which includes the gate
electrode material layer 131, the gate insulation layer 105, the
channel material layer 132, the channel protection layer 108,
the source-drain electrode material layer 133, the lower pas-
sivation layer 115, the connection electrode material layer
134, and the upper passivation layer 117 layered one on top of
another.

[0162] Here, note that in the display region 10, the top face
of the upper passivation layer 117 typically has indentations
over the thin-film transistor. However, the area corresponding
to one thin-film transistor for one sub-pixel, which is the
range of the display region 10 illustrated in FIG. 11C, is
relatively small with a width of approximately 30 pm. Thus,
the inter-layer insulation layer 118 effectively covers the
indentations at the top face of the upper passivation layer 117,
and has a top surface with uniform height.

[0163] Conversely, in the frame region 20, a portion of the
top face of the upper passivation layer 117 above the mound
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portion 40 is flat. However, the height of a portion of the top
face of the passivation layer 117 above the mound portion 40
differs from the height of portions of the top face of the
passivation layer 117 not above the mound portion 40 Further,
the mound portion 40 has a width on the order of 100 um, and
is relatively wider than the width of the area in the display
region 10 corresponding to one thin-film transistor. As such,
in the frame region 20, the inter-layer insulation layer 118
does not completely cancel out the difference between the
height of the portion of the top face of the passivation layer
117 above the mound portion 40 and the height of the portions
of the top face of the passivation layer 117 not above the
mound portion 40, and the height of a portion of the inter-
layer insulation layer 118 above the mound portion 40 differs
from the height of portions of the interlayer insulating layer
118 not above the mound portion 40.

[0164] Next, in the display region 10, the pixel electrode
120 and the branch portion 119a of the negative electrode
power line 119 are formed over the inter-layerinsulation layer
118 by patterning, and in the frame region 20, the power line
wiring material layer 135 is formed over the inter-layer insu-
lation layer 118 above the mound portion 40 by patterning, as
illustrated in FIG. 11D. The pixel electrode 120 the branch
portion 119a and the display region 10, and the power line
wiring material layer 135 in the frame region 20 may be
formed in one same process. Such a process involves, for
example, uniformly forming a film of metallic material on the
inter-layer insulation layer 118 by sputtering the metallic
material, forming a resist layer uniformly over the metallic
material layer, and performing wet etching of the metallic
material film with respect to both the display region 10 and
the frame region 20 at once. This completes the patterning to
form the shapes of the pixel electrode 120, the branch portion
119a, and the power line wiring material layer 135.

[0165] Afterward, a film of the material for the hole injec-
tion layer 121 is formed uniformly in both the display region
10 and the frame region 20. Furthermore, in the frame region
20, patterning is performed to provide the hole injection layer
121 with the same shape as the power line wiring material
layer 135, in plan view. Subsequently, the partition wall 122 is
formed in both the display region 10 and the frame region 20.

[0166] The processes up to this point produce the mask-
holding member 4A as illustrated in FIG. 11E. The mask-
holding member 4A is formed in the frame region 20 above
the mound portion 40, and includes the power line wiring
material layer 135, the hole injection layer 121, and the par-
tition wall 122 layered one on top of another.

3. Effects

[0167] Inthedisplay panel 100a pertaining to Embodiment
2, the height of a portion of the top surface of the inter-layer
insulation layer 118 above the mound portion 40, from the top
face 1a of the substrate 1, is greater than the height of portions
of the top surface of the inter-layer insulation layer 118 not
above the mount portion 40, from the top face la of the
substrate 1. Due to this, the height of the mask-holding mem-
ber 4A, which is disposed on the inter-layer insulation layer
118 above the mound portion 40, from the top surface of the
inter-layer insulation layer 118 is reduced compared to when
the mount portion 40 does not exist. Further, while the mask-
holding member 4A has such a reduced height, the height of
the top portion 4a of the mask-holding member 4A, from the
top face 1a of the substrate 1, is greater than the height of the
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top portion 122a of the partition wall 122 above where the
mound portion 40 is not formed.

[0168] Due to the height of the mask-holding member 4A
from the top surface of the inter-layer insulation layer 118
being reduced as such, the forming of the mask-holding mem-
ber 4A does not require applying a large amount of high-
viscosity material using a die coating method or the like.

[0169] Further, according to the manufacturing method of
the display panel 100a pertaining to Embodiment 2, the form-
ing of the mound portion 40 in the multi-layer wiring layer 2
and the forming of the mask-holding member 4A on the
multi-layer wiring layer 2 can be incorporated in the process
of forming the multi-layer wiring layer 2 and the organic
electroluminescence elements 3 in the stated order above the
substrate 1, instead of being performed as a separate process.

4. Variations

[0170] InEmbodiment 2, the mound portion 40 is produced
by layering, at the same position of the frame region 20, all
layers forming the thin-film transistor in the display region
10.

[0171] However, the mound portion 40 need not necessar-
ily include all layers of the thin-film transistor. That is, the
mound portion 40 may not include one or more of such layers,
as long as the height of the portion of the top surface of the
inter-layer insulation layer 118 above the mound portion 40,
from the top face 1a of the substrate 1, is greater than the
height of portions of the top surface of the inter-layer insula-
tion layer 118 not above the mound portion 40, from the top
face 1a of the substrate 1.

Other

[0172] A sealing plate of glass or the like may be adhered
onto a display face side of the display panel 100 in order to
improve durability of the display panel 100. In the adhesion of
such asealing plate, a filling material made from an insulating
material, such as a polyimide resin, an acrylic resin, or the
like, is injected into a space between the display panel 100 and
the sealing plate. Further, this filling material is sealed by
providing a sealing material to a position at outermost side of
the frame region 20 where the substrate 1 is exposed.

[0173] It should be noted that such filling material and
sealing material would not correspond to the mask-holding
members 4 of the display panel 100 pertaining to Embodi-
ment 1. In specific, the mask-holding members 4 have a
height on the order of 10 pm, and due to this, the top portions
of the mask-holding members 4 would not come in contact
with the sealing plat. Meanwhile, the filling material and the
sealing material come in contact with both the display panel
100 and the sealing plate.

[0174] In addition, since the sealing material is for sealing
the filling material. Thus, the sealing material is provided
seamlessly around the display region. Meanwhile, the mask-
holding members 4 of the display panel 100 pertaining to
Embodiment 1 are separated from one another, in order to
avoid positions where wiring is formed. Furthermore, the
sealing material would be provided either on the substrate 1 or
on the multi-layer wiring layer 2. When provided on the
substrate 1, the sealing material further differs from the mask-
holding members 4 of the display panel 100 pertaining to
Embodiment 1, which are formed on the multi-layer wiring
layer 2.
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[0175] The filling material and the sealing material also
differ from the mask-holding members 4A of the display
panel 1004 pertaining to Embodiment 2 on the same points as
the mask-holding members 4 of the display panel 100 per-
taining to Embodiment 1.

[0176] The present disclosure is applicable to a display
panel used, for example, as a display panel for a mobile
phone, a display element in a television, and so on, and to a
manufacturing method therefor. Specifically, the present dis-
closure is expected to provide a display panel reducing the
probability of problems occurring by mis-pressing to a multi-
layer wiring layer occurring during a manufacturing process,
and a manufacturing method therefor.

[0177] Although the technology pertaining to the present
disclosure has been fully described by way of examples with
reference to the accompanying drawings, it is to be noted that
various changes and modifications will be apparent to those
skilled in the art. Therefore, unless such changes and modi-
fications depart from the scope of the present disclosure, they
should be construed as being included therein.

1. A display panel, comprising:

a substrate;

a multi-layer wiring layer over the substrate, the multi-
layer wiring layer including a first power line receiving
a first electric potential and a second power line receiv-
ing a second electric potential differing from the first
electric potential;

organic electroluminescence elements over the multi-layer
wiring layer, each of the organic electroluminescence
elements including a first electrode electrically con-
nected to the first power line, a second electrode electri-
cally connected to the second power line, and an organic
light-emitting layer sandwiched between the first elec-
trode and the second electrode;

a partition wall over the multi-layer wiring layer and
between the organic electroluminescence elements; and

a member over the multi-layer wiring layer, a height of a
top portion of the member from a top face of the sub-
strate being greater than a height of a top portion of the
partition wall from the top face of the substrate, wherein

the multi-layer wiring layer includes a first portion and a
second portion that, in plan view of the substrate, sur-
rounds the first portion,

the organic electroluminescence elements are arrayed on a
top face of the first portion,

in the second portion, the first power line and the second
power line intersect without direct contact, and

the member is positioned on the second portion without
overlapping at least one of the first power line and the
second power line in plan view of the substrate.

2. The display panel according to claim 1, wherein

the member is positioned on the second portion without
overlapping the first power line or the second power line
in plan view of the substrate.

3. The display panel according to claim 2, wherein

the multi-layer wiring layer further includes signal lines
transporting signals for setting the brightness of the
organic electroluminescence elements, and

the member is positioned on the second portion without
overlapping the first power line, the second power line,
or the signal lines in plan view of the substrate.
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4. The display panel according to claim 2, wherein

the multi-layer wiring layer further includes signal lines
transporting signals for setting the brightness of the
organic electroluminescence elements,

in the second portion, each of the signal lines intersects,
without direct contact, the first power line and the sec-
ond power line, and

the member is positioned on the second portion without
overlapping where the first power line and the signal
lines intersect without direct contact, and where the sec-
ond power line and the signal lines intersect without
direct contact, in plan view of the substrate.

5. The display panel according to claim 1, wherein

the member is provided in plurality, and the members are
separated from one another on the second portion.

6. The display panel according to claim 1, wherein

the multi-layer wiring layer further includes thin-film tran-
sistors that control light emission by the organic elec-
troluminescence elements and that each include a plu-
rality of layers disposed one on top of another,

the multi-layer wiring layer further includes a mound por-
tion below the member, the mound portion including the
plurality of layers included in the thin-film transistors
and having a flat top portion, and

in the second portion, a height of a top face of the multi-
layer wiring layer from the top face of the substrate is
greater where the mound portion is located than where
the mount portion is not located.

7. The display panel according to claim 1, wherein

in the second portion, the first power line includes a first
wiring portion that, in plan view of the substrate, extends
linearly from the first portion,

in the second portion, the second power line includes a
second wiring portion that, in plan view of the substrate,
extends linearly from the first portion in parallel to the
first wiring portion, and a third wiring portion that is
connected to the second wiring portion and that, in plan
view of the substrate, extends orthogonal to the second
wiring portion, and

the first wiring portion and the third wiring portion are on
different layers of the multi-layer wiring layer and inter-
sect without direct contact in the second portion.

8. The display panel according to claim 7, wherein

in the second portion, the first power line includes a fourth
wiring portion that is connected to the first wiring por-
tion and that, in plan view of the substrate, extends
orthogonal to the first wiring portion,
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in the second portion, the second power line includes a fifth
wiring portion that is connected to the third wiring por-
tion and that, in plan view of the substrate, extends in
parallel to the second wiring portion, and

the fourth wiring portion and the fifth wiring portion are

disposed on different layers of the multi-layer wiring
layer and intersect without direct contact in the second
portion.
9. A manufacturing method for a display panel on which a
plurality of organic electroluminescence elements each
including a first electrode, a second electrode, and an organic
light-emitting layer sandwiched between the first electrode
and the second electrode are arrayed, the manufacturing
method comprising:
forming a multi-layer wiring layer over a substrate, the
multi-layer wiring layer including a first power line
receiving a first electric potential and a second power
line receiving a second electric potential differing from
the first electric potential;
forming the first electrode over the multi-layer wiring layer
to be electrically connected to the first power line, and
forming a partition wall over the multi-layer wiring
layer, the partition wall defining a region where the
organic light-emitting layer is to be formed;
forming a member over the multi-layer wiring layer, a
height of a top portion of the member from a top face of
the substrate being greater than a height of a top portion
of the partition wall from the top face of the substrate;

forming the organic light-emitting layer in the region
defined by the partition wall; and

disposing a mask having an aperture corresponding at least

to the region defined by the partition wall in contact with
the member, and forming a functional layer atleastin the
region defined by the partition wall through the aperture,
wherein

the multi-layer wiring layer includes a first portion and a

second portion that, in plan view of the substrate, sur-
rounds the first portion,

the organic electroluminescence elements are arrayed on a

top face of the first portion,

in the second portion, the first power line and the second

power line intersect without direct contact, and

the member is formed to be positioned on the second por-

tion without overlapping at least one of the first power
line and the second power line in plan view of the sub-
strate.
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