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The present invention provides an organic EL display panel,
which has excellent display qualities with no luminance
unevenness and emission color unevenness. The present
invention provides the organic EL display panel, which has: a
TFT panel having an effective light emitting region (L),
which is positioned at a center portion, and a dummy region
(D), which is positioned at an outer circumferential portion so
as to surround the effective light emitting region (L); a plu-
rality of light emitting elements, which are disposed in the
effective light emitting region (L); and a plurality of non-light
emitting elements, which are disposed in the dummy region
(D). A non-light emitting element among the non-light emit-
ting elements, said non-light emitting element being adjacent
to the effective light emitting region (L), also has a dummy
hole that is provided in the TFT panel.
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ORGANIC EL DISPLAY PANEL AND
METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD

[0001] The present invention relates to an organic EL dis-
play panel and a method for manufacturing the same.

BACKGROUND ART

[0002] An organic EL display panel is a display panel
including a light emitting element which uses electrolumi-
nescence of an organic compound. In other words, the organic
EL display panel has an EL apparatus which includes a cath-
ode, an anode, and an organic compound which is disposed
between both the electrodes and performs electrolumines-
cence. The organic compound which performs electrolumi-
nescence may be largely classified into a combination of
low-molecular organic compounds (including a host material
and a dopant material) and a high-molecular organic com-
pound.

[0003] Examples of the high-molecular organic com-
pounds performing electroluminescence include polypar-
aphenylene vinylene called PPV or derivatives thereof, and
the like. An organic EL display panel using the high-molecu-
lar organic compound performing electroluminescence can
be driven at a relatively low voltage and thus has a feature in
which power consumption is low. In addition, the high-mo-
lecular organic compound can be provided as ink by dissolv-
ing the high-molecular organic compound in an aromatic
organic solvent such as xylene or toluene. The providing of
ink enables an organic emission layer to be formed using a
printing method such as an ink jet method, is regarded as
being capable of handling a large-sized screen of a display
panel, and is thus currently positively researched and devel-
oped.

[0004] The organic EL apparatus is a laminate apparatus
formed by laminating a plurality of layers such as an elec-
trode, a hole injection layer, and an organic emission layer. A
film thickness of each layer is a very important factor in
emission characteristics of the organic EL apparatus. Among
them, the organic emission layer which directly contributes to
emission is required to have high film thickness uniformity.
This is because a disparity of the film thickness leads to
luminance unevenness or emission color unevenness, and
finally leads to poor display quality. For this reason, a tech-
nique is known in which an organic emission layer is formed
on a planarized ground (for example, refer to PTLs 1 and 2).
[0005] When the organic emission layer is formed using a
printing method such as an ink jet method, an ink is coated in
a region defined by barrier walls called banks, a solvent in the
inks is dried so as to form an organic emission layer with a
film thickness of about 100 nm. A film shape of the organic
emission layer is determined depending on factors such as a
coating method, physical properties (the boiling point, a vis-
cosity, and the like) of an ink, physical properties (wettability,
film thickness, taper angle, and the like) of a bank, and a
drying condition of the organic emission layer ink. Therefore,
if the ink drying condition is changed, a film shape of the
organic emission layer is also changed.

[0006] For example, the concentration of solvent vapor of
the ink is low in an outer circumferential portion of the panel,
and thus drying of the ink is promoted. Therefore, drying
speed of the ink is low in a central portion of the panel, and
drying speed of the ink is high in the outer circumferential
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portion of the panel. For this reason, the organic emission
layer ofa pixel located on the outer circumferential side of the
panel is inclined outward, and thus a film shape worsens (refer
to PTL 3). Particularly, if a panel increasingly has a large size,
a difference in drying speed becomes notable in the central
portion and the outer circumferential portion of the panel, and
thus a film shape of the organic emission layer tends to further
worsen in the outer circumferential portion of the panel.
[0007] Inorder to solve this problem, a technique is known
in which an element (hereinafter, referred to as a “light emit-
ting element”) contributing to emission is disposed in the
central portion of the panel, and a non-emissive element is
disposed in the outer circumferential portion of a substrate
(refer to PTLs 4 to 10). The element with a bad film shape in
the outer circumferential portion of the panel does not emit
light, and only the element in the panel central portion with
good thickness uniformity emits light. Thereby, it is possible
to provide an organic EL display panel in which luminance
unevenness or emission color unevenness is smaller, and thus
display quality is better than an organic EL display panel
which does not include a non-emissive element.

[0008] FIG. 1A is a plan view of an organic EL display
panel disclosed in PTL 5, and FIG. 1B is a cross-sectional
view taken along the line M-M' of the organic EL display
panel shown in FIG. 1A. As shown in FIGS. 1A and 1B, the
organic EL display panel disclosed in PTL 5 includes effec-
tive emission region A in which light emitting elements 111
are arranged, and dummy region B in which non-emissive
elements 111' are arranged. As such, the outer circumferential
portion of the panel in which a film shape of an organic
functional layer is bad is used as dummy region B, and the
central portion of the panel in which a film shape of the
organic functional layer is favorable is used as effective emis-
sion region A. Thereby, it is possible to provide an organic EL,
display panel in which there is no luminance unevenness or
emission color unevenness, and thus display quality is good.
[0009] In addition, as shown in FIG. 1B, light emitting
element 111 has a contact hole, but non-emissive element
111' does not have a contact hole.

[0010] However, in the organic EL display panel shown in
FIG. 1, as disclosed in PTL 5, however large the dummy
region was, a film shape of the organic functional layer of the
light emitting element located at an edge of the effective
emission region could not made to be favorable (refer to
Comparative Example).

[0011] For this reason, in the organic EL display panel as
disclosed in PTL 5, luminance unevenness or emission color
unevenness occurs between the light emitting element of the
edge of the effective emission region and the other light
emitting elements, and thus display quality is low.

[0012] On the other hand, an organic EL apparatus is
known in which a dummy region where a dummy pixel (non-
emissive element) is disposed is provided around an effective
emission region where an effective pixel (light emitting ele-
ment) is disposed, and the dummy pixel is formed in the same
manner as the effective pixel except for being electrically
non-conducted (refer to PTLs 11 and 12). The dummy pixel
of the organic EL apparatus has a contact hole in the same
manner as the effective pixel.

[0013] The contact hole is formed in a planarized film. The
planarized film is generally made of a resin. When moisture is
contained in the planarized film through adsorption of the
moisture or the like, there are cases where the moisture is
diffused into other layers of the organic EL element. In addi-
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tion, when the moisture enters an emission layer or a charge
injection layer, emission characteristics may deteriorate. In
the organic EL apparatus in which the contact hole is pro-
vided in the dummy pixel in the same manner as the effective
pixel, there is a necessity for consideration of the deteriora-
tion in the emission characteristics due to diffusion of mois-
ture of the planarized film.
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SUMMARY OF INVENTION
Technical Problem

[0026] The present invention has been made in consider-
ation of these circumstances, and an object thereof is to pro-
vide an organic EL display panel in which a film shape of a
functional layer of a light emitting element at an edge of an
effective emission region is favorable, there is no luminance
unevenness or emission color unevenness, display quality is
favorable, and deterioration in emission characteristics is fur-
ther suppressed.

Solution to Problem

[0027] As a result of thorough study, the present inventor
has found that a poor film shape of the functional layer of the
light emitting element at the edge of the effective emission
region is because the light emitting element at the edge of the
effective emission region has a bank with a different shape. In
addition, it has been found that the reason why the light
emitting element at the edge of the effective emission region
has a bank with a different shape is that an adjacent non-
emissive element does not have a contact hole (refer to Com-
parative Example). Further, it has been found that to form a
hole corresponding to a contact hole in a non-emissive ele-
ment at a specific position is effective to suppress deteriora-
tion in emission characteristics of a light emitting element.
[0028] Inother words, a first aspect of the invention relates
to an organic EL display panel described in the following.
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[0029] [1] An organic EL display panel including: a TFT
panel that includes an effective emission region located at a
central portion and a dummy region located in an outer cir-
cumferential portion and surrounding the effective emission
region; a plurality of light emitting elements disposed in the
effective emission region; and a plurality of non-emissive
elements disposed in the dummy region, wherein each of the
light emitting elements includes a thin film transistor embed-
ded in the TFT panel; a contact hole provided at one end side
of a region of the light emitting element in the TFT panel; a
pixel electrode provided on the TFT panel and connected to
the thin film transistor via the contact hole; an organic func-
tional layer disposed on the pixel electrode; a bank disposed
on the TFT panel and defining a disposition region of the
organic functional layer; and a counter electrode disposed on
the organic functional layer, wherein the non-emissive ele-
ment includes a bank disposed on the TFT panel; and an
organic functional layer formed in a region defined by the
bank, wherein, among the plurality of non-emissive elements,
a only non-emissive element further includes a hole which is
provided at one end side of a region of the only non-emissive
element, the only non-emissive element being adjacent to the
light emitting element at the other end side of the region of the
light emitting element.

[0030] [2] The organic EL display panel set forth in [1],
wherein, among the plurality of non-emissive elements, the
non-emissive element adjacent to the effective emission
region further includes a thin film transistor embedded in the
TFT panel, and wherein the thin film transistor of the non-
emissive element does not function.

[0031] [3] The organic EL display panel set forth in [1] or
[2], wherein, among the plurality of non-emissive elements,
the non-emissive element adjacent to the effective emission
region further includes a pixel electrode disposed on the TFT
panel.

[0032] [4] The organic EL display panel set forth in any one
of [1] to [3], wherein, among the plurality of non-emissive
elements, the non-emissive element adjacent to the effective
emission region does not have a counter electrode.

[0033] [5] The organic EL display panel set forth in any one
of [1] to [4], wherein the bank surrounds the element on all
sides.

[0034] [6] The organic EL display panel set forth in any one
of [1] to [4], wherein the bank defines the elements arranged
in a line.

[0035] A second aspect of the present invention relates to a
method for manufacturing an organic EL display panel
described in the following.

[0036] [7] A method for manufacturing the organic EL
display panel set forth in any one of [1] to [6], including:
preparing the TFT panel by forming a planarized film on a
substrate provided with a thin film transistor; forming the
contacthole in the planarized film at one end side of the region
of the light emitting element, and forming the hole in the
planarized film at one end side of the region of a only non-
emissive element, the only non-emissive element being adja-
cent to the light emitting element at the other end side of the
region of the light emitting element; forming a pixel electrode
in the effective emission region of the TFT panel; forming the
bank on the TFT panel; coating and forming the organic
functional layer in the region defined by the bank; and form-
ing the counter electrode in the effective emission region of
the TFT panel.
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Advantageous Effects of Invention

[0037] According to the organic EL display panel and the
method for manufacturing the same of the present invention
can make a film shape of the organic functional layer of the
light emitting element at an edge of the effective emission
region favorable. In addition, it is possible to reduce the
number of the contact holes and the holes formed in the
planarized film and to thereby make the surface area of the
planarized film as small as possible. Therefore, it is possible
to further suppress absorption of moisture in the planarized
film and diffusion of moisture from the planarized film into
other layers. For this reason, the organic EL display panel of
the present invention can achieve small luminance uneven-
ness and emission color unevenness and high display quality,
and can further suppress deterioration in emission character-
istics.

BRIEF DESCRIPTION OF DRAWINGS

[0038] FIG.1isaplanview and across-sectional view ofan
organic EL display panel in the related art;

[0039] FIG.2is agraphillustrating variations in uniformity
of a film shape of an organic functional layer from an edge of
the panel;

[0040] FIG.3isaplanview and across-sectional view ofan
organic EL display panel according to Embodiment 1;
[0041] FIG. 4 is a partially enlarged view of the cross-
sectional view of the organic EL display panel according to
Embodiment 1;

[0042] FIG.5isadiagram illustrating a manufacturing flow
of the organic EL display panel according to Embodiment 1;
[0043] FIG. 6 is a cross-sectional view of an organic EL
display panel according to Embodiment 2;

[0044] FIG. 7 is a cross-sectional view of an organic EL
display panel according to Embodiment 3;

[0045] FIG. 8 is a cross-sectional view of an organic EL
display panel according to Embodiment 4;

[0046] FIG. 9 is a cross-sectional view of an organic EL
display panel according to Embodiment 5;

[0047] FIG. 10 is a partially enlarged view of the cross-
sectional view of the organic EL display panel according to
Embodiment 5;

[0048] FIG. 11 is a cross-sectional profile of an organic
emission layer of a boundary light emitting element of
Example; and

[0049] FIG. 12 is a cross-sectional profile of an organic
emission layer of a boundary light emitting element of Com-
parative Example.

DESCRIPTION OF EMBODIMENTS

[0050] 1. Organic EL Display Panel of Present Invention
[0051] An organic EL display panel of the present inven-
tionis an active matrix type organic EL display panel in which
each organic EL element is driven by a thin film transistor
independently. In addition, the organic EL display panel of
the present invention is a wet type organic EL display panel in
which an organic functional layer of each organic EL element
is formed using a coating method. The organic EL display
panel of the present invention may be of a top emission type
or a bottom emission type.

[0052] The organic EL display panel of the present inven-
tion has a TFT panel in which subpixels are disposed in a
matrix. The TFT panel has a thin film transistor (hereinafter,
referred to as a “TFT”). The TFT panel includes a substrate,
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a TFT disposed on the substrate, and a planarized film cov-
ering the substrate and the TFT.

[0053] Materials of the substrate of the TFT panel are dif-
ferent depending on whether the display panel is of a bottom
emission type or a top emission type. For example, in a case
where the display panel is of a bottom emission type, the
substrate is required to be transparent, and thus materials of
the substrate may use glass, a transparent resin, or the like. On
the other hand, in a case where the display panel is of a top
emission type, the substrate is not required to be transparent,
and thus materials of the substrate may use any insulating
material.

[0054] The planarized film reduces unevenness due to the
TFT disposed on the substrate so as to planarize a surface of
the TFT panel. The thickness of the planarized film is typi-
cally 3 um to 10 um, and may be about 5 um. Materials of the
planarized film may be an organic material such a resin, or an
inorganic material such as SiO,. A contact hole which con-
nects a pixel electrode described later to a source or drain
electrode of a driving TFT is formed in the planarized film.
[0055] The TFT panel includes an effective emission
region located in a central portion of the TFT panel and a
dummy region which is located in an outer circumferential
portion of the TFT panel and surrounds the effective emission
region. A plurality of light emitting elements (subpixels) are
disposed in the effective emission region in a matrix. In addi-
tion, a plurality of non-emissive elements are disposed in the
dummy region.

[0056] As such, in the present invention, the outer circum-
ferential portion of the TFT panel where a film shape of the
organic functional layer tends to worsen is used as a non-
emissive region (dummy region), and the central portion of
the TFT panel where a film shape of the organic functional
layer is favorable is used as an effective emission region.
Thereby, it is possible to provide an organic EL display panel
in which there is no luminance unevenness or emission color
unevenness and display quality is good.

[0057] FIG. 2 is a graph illustrating uniformity of a film
shape of an organic functional layer of each element in an
organic EL display panel in which the organic functional
layer is formed using a coating method. The transverse axis of
the graph of FIG. 2 expresses a position from the edge of the
organic EL display panel. For example, the unit 10 of the
transverse axis indicates ten elements from the edge of the
organic EL display panel. The longitudinal axis of the graph
of FIG. 2 expresses an extent of a disparity between film
thicknesses of the organic functional layers in the elements.
The larger value of the longitudinal axis indicates a worse film
shape. As shown in FIG. 2, a film shape of the functional layer
of the element is not good around the edge of the organic EL.
display panel, and a film shape of the functional layer of the
element is favorable in the central portion of the organic EL
display panel.

[0058] The size of the dummy region is not particularly
limited, and, preferably includes elements of two to ten col-
umns from the edge of the organic EL display panel, more
preferably includes elements of two to five columns, and
includes, for example, elements of three columns. As shown
in FIG. 2, the film thickness disparity of the organic func-
tional layer becomes 10% or less in the fourth or more ele-
ment from the edge of the organic EL display panel. For this
reason, the dummy region includes the elements of three
columns from the edge of the organic EL display panel, and
thereby the film thickness disparity of the organic functional
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layer can be suppressed to 10% or less in the effective emis-
sion region. Next, the light emitting element and the non-
emissive element will be described.

[0059] (1) Light Emitting Element

[0060] The light emitting element includes a TFT embed-
ded in the TFT panel, a contact hole provided in the TFT
panel, a pixel electrode disposed on the TFT panel, an organic
functional layer disposed on the pixel electrode, a bank par-
titioning a disposition region of the organic functional layer,
and a counter electrode disposed on the organic functional
layer.

[0061] The TFT is a apparatus for driving the element. The
TFT includes a source electrode, a drain electrode, a channel
which connects the source electrode to the drain electrode,
and a gate electrode controlling the channel. In the present
invention, the TFT may be a silicon-based TFT or an organic-
based TFT.

[0062] The contactholeis a hole provided in the planarized
film of the TFT panel. An interconnection which connects the
source electrode or the drain electrode of'the TFT to the pixel
electrode is provided in the contact hole. The contact hole is
formed at one end side of the region of the light emitting
element in the TFT panel from the viewpoint of realizing a
wider emission region in the light emitting element. For
example, in a case where the light emitting element has a thin
and long shape such a rectangular shape, the contact hole is
preferably disposed at one end side in a longitudinal direction
of the region of the light emitting element from the above-
described viewpoint. The dimension of the contact hole is not
particularly limited, and, for example, the width thereof is 5
pm to 20 um, and the depth thereof is 4 pm to 5 pm. In
addition, in the present invention, the contact hole may be of
a reverse cone type. Here, the “reverse cone type” indicates
that the diameter of an opening on the pixel electrode side is
greater than the diameter of an opening on the TFT side.
Specifically, it is preferable that the diameter of the opening
ofthe contact hole on the pixel electrode side be 20 pm to 10
um, and the diameter of the opening on the TFT side be 5 um
to 15 pm.

[0063] The pixel electrode is a conductive layer disposed
on the planarized film of the TFT panel. The pixel electrode
typically functions as an anode, but may function as a cath-
ode. The thickness of the pixel electrode is typically 100 nm
to 500 nm, and may be about 150 nm. Materials of the pixel
electrode are different depending on whether the display
panel is of a bottom emission type or a top emission type. In
a case where the display panel is of a top emission type, the
pixel electrode is required to be a transparent electrode, and
thus materials of the pixel includes ITO (Indium Tin Oxide),
170 (Indium Zinc Oxide), tin oxide, and the like.

[0064] On the other hand, in a case where the display panel
is of a top emission type, since the pixel electrode is required
to reflect light, materials of the pixel electrode include an
alloy including silver, more specifically, a silver-palladium-
copper alloy (also referred to as APC), a silver-rubidium-gold
alloy (also referred to as ARA), a molybdenum-chromium
alloy (also referred to as MoCr), a nickel-chromium alloy
(also referred to as NiCr), an aluminum alloy, and the like.
[0065] The pixel electrode is connected to the source elec-
trode or the drain electrode of the TFT via the contact hole
provided in the TFT panel. In addition, a hole injection layer
may be provided on the pixel electrode. The hole injection
layer is a layer of assisting injection of holes into the organic
functional layer described later from the pixel electrode. For
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this reason, the hole injection layer is disposed between the
pixel electrode and the organic functional layer.

[0066] Examples of materials of the hole injection layer
include poly(3,4-ethylenedioxythiophene) doped with poly-
styrene sulfonic acid (called PEDOT-PSS), oxides of transi-
tion metals, and the like; however, materials of the hole injec-
tion layer are preferably oxides of transition metals. The hole
injection layer made of PEDOT is unlikely to have a uniform
film thickness since the hole injection layer is formed using a
coating method. In addition, PEDOT is conductive, and thus
there is great concern that the organic EL element may be
short-circuited. On the other hand, the hole injection layer
made of oxides of transition metals has a uniform film thick-
ness since the hole injection layer is formed using a sputtering
method.

[0067] Examples of transition metals include tungsten,
molybdenum, titanium, vanadium, ruthenium, manganese,
chromium, nickel, and iridium, and combinations thereof. A
preferable material of the hole injection layer is tungsten
oxide (WOx) or molybdenum oxide (MoOx). The thickness
of the hole injection layer is typically 10 nm to 100 nm, and
may be about 30 nm. In addition, the hole injection layer may
be omitted as long as holes are efficiently injected into the
organic functional layer from the pixel electrode.

[0068] The organic functional layer is a layer which
includes at least the organic functional layer and is disposed
on the pixel electrode. The organic functional layer is formed
by coating a material liquid of the organic functional layer in
a region defined by the banks. The material liquid (an ink in
which a material of the organic functional layer is dissolved in
an organic solvent such as anisole or cyclohexyl benzene) of
the organic functional layer is coated using a coating method
such as an ink jet method, and thereby the organic functional
layer can be easily formed without damaging other materials.
[0069] An organic EL material included in the organic
emission layer may be a high-molecular material or a low-
molecular material as long as the organic emission layer can
be formed using a coating method.

[0070] The low-molecular organic ELL material includes a
combination of a dopant material and a host material.
Examples of the dopant material BCzVBi (4,7-diphenyl-1,
10-phenanthroline), coumarin, rubrene, DCJTB ([2-tert-bu-
tyl-6-[2-(2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-1H,5H-
benzolij]quinolizine-9-yl)vinyl]-4H-pyran-4-ylidene]
malononitrile), and the like, and examples of the host material
include DPVBi (4,4'-bis(2,2-diphenylethenyl)biphenyl),
Alg3 (tris(8-quinolinolato)aluminum), and the like.

[0071] Examples of the high-molecular organic EL mate-
rial include polyphenylenevinylene and derivatives thereof;,
polyacetylene and derivatives thereof, polyphenylene and
derivatives thereof, polyparaphenylene ethylene and deriva-
tives thereof, poly 3-hexyl thiophene (P3HT) and derivatives
thereof, polyfluorence (PF) and derivatives thereof, and the
like. Since the organic emission layer including the high-
molecular organic EL material is easily formed using a coat-
ing method, and an organic EL material included in the
organic emission layer is the high-molecular organic EL
material.

[0072] The organic EL material is appropriately selected
such that each light emitting element emits desired color light
(red R, green G, and blue B). For example, a green light
emitting element is disposed around a red light emitting ele-
ment, a blue light emitting element is disposed around the
green light emitting element, and the red light emitting ele-
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ment is disposed around the blue light emitting element. In
addition, the thickness of the organic functional layer is pref-
erably about 50 nm to 150 nm (for example, 60 nm).

[0073] The organic functional layer may further include a
hole transport layer (inter-layer), an electron transport layer,
and the like. The hole transport layer is a layer which plays a
role of blocking electrons entering the pixel electrode or the
hole injection layer or of efficiently transporting holes to the
organic emission layer, and is made of polyaniline-based
materials. Therefore, the hole transport layer is disposed
between the pixel electrode or the hole injection layer and the
organic emission layer. The thickness of the hole transport
layer is typically 10 nm or more and 100 nm or less, and is
preferably about 30 nm. In addition, as long as holes can be
efficiently transported to the organic emission layer, the hole
transport layer may be omitted.

[0074] The bank is member which defines a disposition
region of the organic functional layer. The bank is disposed on
the substrate. The height of the bank from the surface of the
bank is preferably 0.1 umto 3 pm, and more preferably 0.8 pm
to 1.2 um. Ifthe height of the bank is greater than 3 pm, there
is concern that a single counter electrode shared by all the
light emitting elements may be divided by the bank. In addi-
tion, if the height of the bank is smaller than 0.1 pm, there is
concern that an ink coated in a region defined by the bank
leaks out of the bank.

[0075] In addition, a shape of the bank is a forward taper
shape. The forward taper shape indicates that a wall surface of
the bank is tilted, and a tilt angle (taper angle) of the wall
surface of the bank is equal to or less than 90°. When a shape
ofthe bank is a taper shape, a taper angle is 20° to 80°, and is
preferably, particularly 30° to 50°. If the taper angle of the
bank is greater than 80°, there is concern that a single counter
electrode shared by all the light emitting elements may be
divided by the bank.

[0076] A material of the bank is not particularly limited as
long as it is a resin, but preferably includes a fluorine-con-
taining resin. Examples of fluorine compounds included in
the fluorine-containing resin include vinylidene fluoride,
vinyl fluoride, ethylene trifluoride, a fluoride resin such as a
copolymer thereof, and the like. In addition, examples of
resins included in the fluorine-containing resin include phe-
nol-novolak resins, polyvinyl phenol resins, acrylic resins,
methacrylic resins, and combinations thereof.

[0077] Further specific examples of the fluorine-containing
resins include LUMIFLON (registered trademark, manufac-
tured by ASAHI GLASS CO., LTD.) which is a copolymer of
fluorine-containing polymer (fluoroethylene) and vinyl ether
disclosed in, for example, Japanese Translation of a PCT
Application Laid-Open No. 2002-543469, and the like.
[0078] Thewettability of the wall surface of the bank is low.
In addition, the wettability of the upper portion of the bank
wall surface is preferably lower than the wettability of the
lower portion of the bank wall surface. A contact angle of the
upper portion of the bank wall surface with water is 80° or
more, and preferably 90° or more, and a contact angle of the
upper portion of the bank wall surface with anisole is prefer-
ably 30°to 70°. On the other hand, a contact angle of the lower
portion of the bank wall surface with anisole is preferably 3°
to 30°. The higher contact angle indicates that the wettability
is lower.

[0079] The bank may surround an element on all sides
(refer to Embodiments 1 to 4), or may surround elements
(refer to Embodiment 5) arranged in a line.
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[0080] The counter electrode is a conductive member dis-
posed on the organic functional layer. The counter electrode
typically functions as a cathode but may function as an anode.
Materials of the counter electrode are different depending on
whether the organic EL display panel is of a bottom emission
type or a top emission type. In a case of the top emission type,
the counter electrode is required to be transparent, and thus
examples of the materials of the counter electrode include
ITO, 1ZO, and the like. In addition, in a case of the top
emission type, an organic buffer layer may be disposed
between the organic functional layer and the counter elec-
trode.

[0081] On the other hand, in a case of the bottom emission
type, the counter electrode is not required to be transparent.
Therefore, materials of the counter electrode may include any
conductive materials. Examples of the materials of the
counter electrode include barium (Ba), barium oxide (BaO),
aluminum (Al), and the like.

[0082] The counter electrode is typically formed through
sputtering. In addition, all the light emitting elements
included in the organic EL display panel may share a single
counter electrode. The counter electrode shared by all the
light emitting elements included in the organic EL display
panel is also referred to as a common electrode. The common
electrode covers not only the organic functional layer but also
the bank (refer to FIG. 3B).

[0083] (2) Non-Emissive Element

[0084] The non-emissive element at least includes a bank
disposed on the TFT panel and an organic functional layer
formed in a region defined by the bank. The non-emissive
element may further include a TFT, a pixel electrode, and an
counter electrode.

[0085] The present invention is characterized in that,
among the non-emissive elements, a non-emissive element
(hereinafter, referred to as a “boundary non-emissive ele-
ment”) which is adjacent to the light emitting element at least
on the other side of the light emitting element has a hole
(hereinafter, referred to as a “dummy hole”) provided in the
planarized film of the TFT panel.

[0086] The dimension (the width and the depth) of the
contact hole of the boundary non-emissive element is prefer-
ably the same as the dimension of the contact hole of the light
emitting element. In addition, a relative position of the
dummy hole in the boundary non-emissive element is pref-
erably the same as a relative position of the contact hole in the
light emitting element. Here, the “relative position” indicates
aposition of the hole with respect to the center of the element.
In other words, the TFT panel has the hole at one end side of
the region of the boundary non-emissive element.

[0087] As above, the boundary non-emissive element has
the dummy hole formed in the planarized film of the TFT
panel, and thereby it is possible to suppress a disparity
between film shapes of the organic functional layers of the
light emitting elements (hereinafter, referred to as a “bound-
ary light emitting elements™) located at the edge of the effec-
tive emission region and the other light emitting elements.
Hereinafter, a description will be made of a relationship
between to provide the dummy hole in the boundary non-
emissive element and to suppress a disparity between film
shapes of the organic functional layers of the light emitting
elements.

[0088] As in the related art, in an organic EL display panel
in which the non-emissive element does not have a contact
hole (refer to FIG. 1), there is a difference between patterns of
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the banks of the boundary light emitting elements and pat-
terns of the banks of the other light emitting elements. More
specifically,

among the banks of the boundary light emitting elements,
shapes of banks (hereinafter, also referred to as “boundary
banks”) forming a boundary between the effective emission
region and the dummy region is different from shapes of the
banks (hereinafter, also referred to as “internal banks of the
effective emission region”) of the other light emitting ele-
ments (refer to FIG. 12A).

[0089] This is because shapes of the banks depends on the
ground of the banks, that is, an uneven shape of the surface of
the planarized film of the TFT panel (refer to FIG. 4), and,
further, the uneven shape of the planarized film depends on
whether or not there is the hole of the adjacent hole (the
contact hole or the dummy hole) (FIG. 4). In other words, this
is because the light emitting element partitioned by the inter-
nal bank of the effective emission region has the contact hole,
but, on the other hand, the boundary bank also partitions the
non-emissive element which does not have the contact hole.

[0090] In addition, a shape of the organic functional layer
formed through coating is influenced by a shape of the bank
which defines a region in which a material liquid of the
organic functional layer is coated. For this reason, if patterns
of the banks of the boundary light emitting elements are
different from patterns of the banks of the other light emitting
elements as in the organic EL display panel in the related art,
film shapes of the organic functional layers of the boundary
light emitting elements are different from film shapes of the
organic functional layers of the other light emitting elements.

[0091] On the other hand, in the present invention, the
boundary non-emissive element has the dummy hole formed
in the planarized film of the TFT panel, and thus all the
elements partitioned by the boundary banks have holes in the
same manner as in the internal elements of the effective
emission region. For this reason, in the present invention,
shapes of the boundary banks are the same as shapes of the
internal banks of the effective emission region (refer to FIG.
11A). Therefore, in the present invention, a bank pattern
disparity is small between the boundary light emitting ele-
ments and the other light emitting elements. For this reason,
in the present invention, a disparity of film shapes of the
organic functional layers is small between the boundary light
emitting elements and the other light emitting elements.
Thereby, it is possible to provide an organic EL display panel
which has small luminance unevenness and emission color
unevenness and thus has good emission characteristics.

[0092] In addition, in the present invention, since the
boundary non-emissive element has the dummy hole, a non-
emissive element other than the boundary non-emissive ele-
ment does not have a dummy hole. Therefore, the number of
contact holes and dummy holes formed in the planarized film
can be set to the minimum number capable of achieving the
pattern disparity suppression effect. Thereby, it is possible to
provide an organic EL display panel in which adsorption of
moisture to the planarized film or deterioration in emission
characteristics due to diffusion of moisture absorbed in the
planarized film into other layers is further suppressed.
[0093] 2. Method for Manufacturing Organic EL Display
Panel of Present Invention

[0094] The organic EL display panel of the present inven-
tion may be manufactured using any method as long as the
method does not harm the effects of the present invention.
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[0095] A preferable example of the method for manufac-
turing the organic EL display panel of the present invention
includes

[0096] 1) a first step of preparing a TFT panel;

[0097] 2) a second step of forming a contact hole and a
dummy hole in the TFT panel;

[0098] 3) a third step of forming a pixel electrode in an
effective emission region of the TFT panel;

[0099] 4)afourth step of forming a bank on the TFT panel;
and
[0100] 5) a fifth step of coating a material liquid of an

organic functional layer in a region defined by the bank so as
to form the organic functional layer. Hereinafter, each step
will be described.

[0101] 1)Inthefirststep, a TFT panel is prepared. The TFT
panel is manufactured, for example, by manufacturing a TFT
on a substrate and disposing a planarized film on the substrate
on which the TFT is manufactured.

[0102] When the TFT is formed on the substrate, layers
such as a gate electrode, a gate insulating film, a source
electrode, a drain electrode, a semiconductor film, and a
passivation film may be formed on the substrate using a
sputtering method or a photolithography method.

[0103] In addition, the planarized film may be formed: by
forming a film made of a photosensitive resin and then curing
the film, or by forming a film made of an inorganic material
such as SiO, through sputtering.

[0104] 2) In the second step, a contact hole and a dummy
hole are formed in the TFT panel. Specifically, a contact hole
is formed in the planarized film of the TFT panel of the
effective emission region, and a dummy hole is formed in the
planarized film of the TFT panel of a region where a boundary
non-emissive element is formed in the dummy region. The
contact hole and the dummy hole formed in the planarized
film may be formed using a photolithography method or
etching.

[0105] 3)Inthethird step, a pixel electrode is formed in the
effective emission region of the TFT panel. In relation to the
pixel electrode, for example, a film made of a material of the
pixel electrode may be formed on the TFT panel using a
deposition method or a sputtering method, and the formed
film may be patterned in a desired shape.

[0106] 4) In the fourth step, a bank is formed. The bank is
formed, for example, in photolithography processes (coating,
baking, exposing, developing, and calcining). When the bank
is formed in the photolithography processes in this way, a
shape of the bank is influenced by an uneven shape of the
ground (the planarized film) on which the bank is formed. In
addition, the uneven shape of the planarized film is also
influenced by the hole of the adjacent element.

[0107] 5) In the fifth step, a material liquid of the organic
functional layer is coated in the region defined by the bank.
The coated material liquid includes a desired material of the
organic functional layer and a solvent. Examples of the sol-
vent include an aromatic solvent such as anisole. Coating
means is not particularly limited. Examples of the coating
means include ink jet, dispenser, nozzle coating, spin coating,
die coating, intaglio printing, relief printing, and the like. As
the coating means, the ink jet is preferably used.

[0108] Specifically, the material liquid of the organic func-
tional layer is coated in both of the effective emission region
and the dummy region. In addition, the coated material liquid
is dried and baked so as to form the organic functional layer.
As above, by coating the material liquid of the organic func-
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tional layer in both of the effective emission region and the
dummy region, an organic functional layer with a bad film
shape is formed in the dummy region, but an organic func-
tional layer with a good film shape can be formed in the
effective emission region.

[0109] In addition, in the present embodiment, the bank
shapes of the boundary light emitting elements are same as
those of other light emitting elements, and thus it is possible
to form an organic functional layer with a good film shape
even in the boundary light emitting element.

[0110] Hereinafter, embodiments of the present invention
will be described with reference to the drawings, but the scope
of the present invention is not limited to the following
embodiments.

Embodiment 1

[0111] In Embodiment 1, a top emission type organic EL
display panel will be described.

[0112] FIG. 3A is a partially enlarged view of a plane of
organic EL display panel 100 of Embodiment 1, and FI1G. 3B
shows main portions in a cross-sectional view taken along the
line AA' of organic EL display panel 100 shown in FIG. 3B.
[0113] As shown in FIGS. 3A and 3B, organic EL display
panel 100 includes TFT panel 110 in which elements (sub-
pixels) are disposed in a matrix arrangement. TFT panel 110
includes effective emission region L. where light emitting
elements 120 are arranged and dummy region D where non-
emissive elements 130 are arranged.

[0114] As shown in FIG. 3B, TFT panel 110 includes a
substrate 101, TFTs 103 disposed on substrate 101, pla-
narized film 105 disposed on substrate 101 and TFTs 103, and
contact holes 107 and dummy hole 109 formed in planarized
film 105.

[0115] Light emitting element 120 includes TFT 103, con-
tact hole 107, reflective anode (pixel electrode) 121, hole
injection layer 123, organic emission layer 125, bank 127,
and transparent cathode (counter electrode) 129. Contacthole
107 is located at one end side in a long axis direction of light
emitting element 120.

[0116] Reflective anode 121 is made of, for example, an
APC alloy. The thickness of reflective anode 121 is preferably
100 nm to 200 nm.

[0117] Hole injection layer 123 is disposed on reflective
anode 121. Hole injection layer 123 is made of tungsten oxide
(WOx). The thickness of hole injection layer 123 is prefer-
ably 5 nm to 30 nm.

[0118] Organic emission layer 125 is disposed on hole
injection layer 123. The thickness of organic emission layer
125 is preferably 50 nm to 150 nm. Organic emission layer
125 is made of a derivative of polyfluoren.

[0119] Bank 127 is disposed on hole injection layer 123 so
as to expose a part of hole injection layer 123. In the present
embodiment, bank 127 surrounds light emitting element 120
on all sides. The height of bank 127 from hole injection layer
123 is preferably 200 nm to 3 pum.

[0120] Transparentcathode 129 is a conductive layer which
transmits light therethrough and is disposed on organic emis-
sion layer 125. A material of transparent cathode 129 is, for
example, ITO.

[0121] Non-emissive element 130 includes hole injection
layer 123, organic emission layer 125, and transparent cath-
ode 129. In addition, among non-emissive elements 130,
non-emissive element (boundary non-emissive element)
130X has dummy hole 109, non-emissive element 130X
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being adjacent to effective emission region L at the other end
side of effective emission region L. Dummy hole 109 is
located at one end side in the long axis direction of non-
emissive element 130 in the same manner as contacthole 107.
As above, a relative position of dummy hole 109 in non-
emissive element 130 is the same as a relative position of
contact hole 107 in light emitting element 120.

[0122] FIG. 4 is a partially enlarged view of the organic EL
display panel shown in FIG. 3B. As shown in FIG. 4, in the
present embodiment, a part of internal bank 127Y of the
effective emission region is formed on the contact hole, and
thus a part of bank 127Y becomes recessed by being influ-
enced by contact hole 107 of adjacent light emitting element
120. In addition, in the present invention, dummy hole 109 is
also provided in boundary non-emissive element 130X, and
thus boundary bank 127X (refer to sign X of FIG. 3A) form-
ing a boundary between effective emission region L and the
dummy region is also recessed by being influenced by
dummy hole 109. For this reason, in the present embodiment,
a disparity between a shape of boundary bank 127X and bank
127Y is small.

[0123] As above, according to the present embodiment,
since a shape of the boundary bank 127X is the same as a
shape of internal bank 127Y, a film shape of organic emission
layer 125 of boundary light emitting element 120X can be
made to be favorable.

[0124] When a voltage is applied between reflective anode
121 and transparent cathode 129 of organic EL display panel
100, holes from reflective anode 121 and electrons from trans-
parent cathode 129 are injected into organic emission layer
125. The injected holes and electrons are combined inside
organic emission layer 125 so as to generate excitons.
Organic emission layer 125 emits light by the excitons, and
thus the light is emitted through transparent cathode 129.
[0125] Next, with reference to FIGS. 5A to SE, a method
for manufacturing organic EL display panel 100 of the
presentembodiment will be described. As shown in FIGS. 5A
to 5E, the method for manufacturing organic EL display panel
100 includes 1) a first step of preparing TFT panel 110 (FIG.
5A),2)asecond step of forming reflective anode 121 and hole
injection layer 123 on effective emission region L. of TFT
panel 110 (FIG. 5B), 3) a third step of forming bank 127 on
TFT panel 110 (FIG. 5C), 4) a fourth step of forming organic
emission layer 125 in a region defined by bank 127 through
coating (FIG. 5D), and 5) a fifth step of forming transparent
cathode 129 so as to cover organic emission layer 125 and
bank 127 (FIG. 5E).

[0126] 1) FIG. 5A shows the first step. As shown in FIG.
5A, in the first step, TFT panel 110 is prepared. Planarized
film 105 is formed on substrate 101 provided with TFTs 103
disposed in the regions of the light emitting elements, contact
hole 107 is formed at a position at one end side of each light
emitting element, and dummy hole 109 is formed at a position
at one end side of the boundary non-emissive element.
[0127] 2)FIG. 5B shows the second step. As shown in FIG.
5B, in the second step, reflective anodes 121 and hole injec-
tion layers 123 are formed on effective emission region L, of
TFT panel 110. In relation to reflective anode 121, for
example, a film made of a material of reflective anode 121
may be formed on TFT panel 110 by using a deposition
method or a sputtering method, and the formed film may be
patterned in a desired shape. Similarly, also in relation to hole
injection layer 123, a film made of a material of hole injection
layer 123 may be formed on TFT panel 110 by using a
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deposition method or a sputtering method, and the formed
film may be patterned in a desired shape.

[0128] 3) FIG. 5C shows the third step. As shown in FIG.
5C, in the third step, bank 127 is formed on TFT panel 110.
Bank 127 is formed, for example, in a photolithography
method. Specifically, a coated bank material is pre-baked,
exposed, developed, and post-baked so as to form bank 127.
Conditions of the photolithography method are not particu-
larly limited, and may include, for example, pre-baking for
two minutes at 100° C.; setting irradiation rays with a main
peak of 365 nm as irradiation light; setting an irradiation
amount to an exposure amount of 200 mJ/cm?; development
with TMAH of 0.2% for sixty seconds; post-baking for sixty
minutes in a clean oven of 220° C. In addition, bank 127 is
formed on effective emission region L of TFT panel 110 so as
to expose at least a part of hole injection layer 123.

[0129] 4)FIG. 5D shows the fourth step. As shown in FIG.
5D, a material liquid of organic emission layer 125 is coated
in the region defined by bank 127, for example, by using an
ink jet method. The material liquid of organic emission layer
125 coated using the ink jet method is dried and is baked. The
drying is performed, for example, in a vacuum chamber while
reducing a pressure. The reduction in a pressure is performed
until a pressure reaches about 5 Pa. A temperature during the
drying is 25° C. The baking is performed, for example, using
a hot plate of 130° C. for ten minutes.

[0130] FIG. 5E shows the fifth step. As shown in FIG. 5E,
in the fifth step, transparent cathode 129 is formed so as to
cover organic emission layer 125 and bank 127. Transparent
cathode 129 is formed, for example, using a deposition
method.

Embodiment 2

[0131] InEmbodiment 1, a configuration in which the non-
emissive element does not have a TFT has been described. In
Embodiment 2, a configuration in which the non-emissive
element has a TFT will be described.

[0132] FIG. 6 is a cross-sectional view of organic EL dis-
play panel 200 of Embodiment 2 of the present invention.
Description of the same constituent elements as in organic EL,
display panel 100 of Embodiment I will be omitted. As shown
in FIG. 6, in the present embodiment, non-emissive element
130 has TFT 103. In the present embodiment, all non-emis-
sive elements 130 have TFTs 103; however, only boundary
non-emissive element 130X can have TFT 103.

[0133] As such, TFT 103 is provided in boundary non-
emissive element 130X, and thereby a film shape of organic
emission layer 125 of boundary light emitting element 120X
can be made to be favorable.

[0134] A shape of the bank is influenced by not only
whether or not there is a contact hole of an adjacent element
but also whether or not there is a TFT of an adjacent element.
For this reason, TFT 103 is provided in boundary non-emis-
sive element 130X, and thereby it is possible to make a shape
of boundary bank 127X and a shape of internal bank 127Y
more the same as each other. As a result, it is possible to make
a film shape of organic emission layer 125 of barrel 120 more
favorable.

Embodiment 3

[0135] In Embodiment 2, a configuration in which the non-
emissive element does not have a pixel electrode (a reflective
anode) and a hole injection layer has been described. In
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Embodiment 3, a configuration in which the non-emissive
element has a pixel electrode and a hole injection layer will be
described.

[0136] FIG. 7 is a cross-sectional view of organic EL dis-
play panel 300 of Embodiment 3 of the present invention.
Description of the same constituent elements as in organic EL.
display panel 200 of Embodiment 2 will be omitted. As shown
in FIG. 7, in the present embodiment, non-emissive element
130 has reflective anode 121. In the present embodiment, all
non-emissive elements 130 have reflective anodes 121; how-
ever, only boundary non-emissive element 130X can have
reflective anode 121.

[0137] Asabove, reflective anode 121 is provided in bound-
ary non-emissive element 130X, and thereby it is possible to
make a film shape of organic emission layer 125 of boundary
light emitting element 120X more favorable.

[0138] A shape of the bank is influenced by not only
whether or not there is a contact hole of an adjacent element
but also whether or not there is a pixel electrode of an adjacent
element. For this reason, reflective anode 121 is provided in
boundary non-emissive element 130X, and thereby it is pos-
sible to make a shape of boundary bank 127X and a shape of
internal bank 127Y more the same as each other. As a result,
it is possible to make a film shape of organic emission layer
125 of boundary light emitting element 120X more favorable.
[0139] Inaddition, in the present embodiment, TFT 103 of
non-emissive element 130 does not function as a transistor. If
TFT 103 is made not to function as a transistor, for example,
a conductive member may not be disposed in a dummy hole,
and TFT 103 and reflective anode 121 may not be electrically
connected to each other. As above, TFT 103 of non-emissive
element 130 is made not to function as a transistor, and
thereby it is possible to prevent non-emissive element 130
from emitting light unintentionally.

Embodiment 4

[0140] InEmbodiment 4, a configuration in which the non-
emissive element does not have a counter electrode will be
described.

[0141] FIG. 8 is a cross-sectional view of organic EL dis-
play panel 400 of Embodiment 4 of the present invention.
Description of the same constituent elements as in organic EL.
display panel 300 of Embodiment 3 will be omitted. As shown
in FIG. 8, in the present embodiment, non-emissive element
130 does not have transparent cathode 129. Specifically,
transparent cathode 129 is formed only in effective emission
region L, and is not formed in dummy region D. As above, if
transparent cathode 129 is to be formed only in effective
emission region L, a metal mask may be used when transpar-
ent cathode 129 is formed through deposition.

[0142] As above, non-emissive element 130 does not have
transparent cathode 129, and thereby it is possible to more
reliably prevent non-emissive element 130 from emitting
light unintentionally.

Embodiment 5

[0143] InEmbodiment 5, a configuration in which the bank
defines an element arranged in a line will be described.

[0144] FIG. 9A is a partially enlarged view of a plane of
organic EL display panel 500 of Embodiment 5, and FIG. 9B
shows main portions of a cross-sectional view taken along the
line AA' of organic EL display panel 500 shown in FIG. 9A.
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Inaddition, FIG. 10 is a partially enlarged view of organic EL.
display panel 500 shown in FIG. 9B.

[0145] As shown in FIGS. 9A, 9B and 10, in the present
embodiment, bank 127 is a linear bank defining a line region
where the elements are arranged in a line. In a case where
bank 127 is formed using a photolithography method, the
bank is likely to be influenced by the ground around bank 127
in a relatively unstable state between development and post-
baking. More specifically, the bank in the relatively unstable
state is likely to flow into contact hole 107 in the vicinity
thereof or likely to be deformed so as to bend toward contact
hole 107. For this reason, there are cases where contact hole
107 influences a shape of bank 127 even if the bank is formed
on contact hole 107 as in linear bank 127. Therefore, also in
the present embodiment, each light emitting element are
defined by bank 127 which is influenced by contact hole 107.
Therefore, also in the present embodiment, dummy hole 109
is formed at a position at one end side of the boundary non-
emissive element is formed, and thereby it is possible to make
a film shape of the light emitting element in the emission
region L favorable. In addition, bank 127 has a linear shape,
and thereby a coated material liquid of organic emission layer
125 can move between the elements arranged in a line so as to
make film thicknesses of organic emission layers 125 of the
elements more uniform.

Example

[0146] In Example, the organic EL display panel of
Embodiment 4 was manufactured. First, a planarized film was
formed on a glass substrate AN100 (370 mmx470 mmx0.7
mm) manufactured by ASAHI GLASS CO., LTD. with the
thickness of 5 um, so as to create a TFT panel.

[0147] Specifically, the glass substrate which was coated
with a material (Photoneece DL-1000 manufactured by
TORAY INDUSTRIES, INC.) of the planarized film using
spin coating was pre-baked with a hot plate of 120° C. for
three minutes, in which a location where a hole was formed
was exposed (exposure amount: 150 mJ/cm?) with ultraviolet
rays having a main peak at the wavelength 365 nm through a
chrome mask, was immersed into a developer NMD-3
(TMAH (tetramethylammonium hydroxide): 2.38%) manu-
factured by TOKYO OHKA KOGYO CO., LTD., and was
post-baked for thirty minutes in a clean oven of 230° C.
[0148] Thereby, the TFT panel provided with the hole was
obtained. In Example, a hole was also formed in the boundary
non-emissive element.

[0149] A silver-palladium-copper alloy (APC) film was
formed with the thickness of 150 nm as a reflective electrode
on the prepared TFT panel by using a sputtering method. A
WOx film was formed with the thickness of 30 nm as a hole
injection layer on the reflective electrode by using a sputter-
ing method.

[0150] A bank was formed on the formed WOx by using a
photolithography method. As a material, an acryl material
manufactured by ASAHI GLASS CO., LTD. was used. Spe-
cifically, the acryl material was coated on the TFT panel by
using a spin coating method, and was pre-baked for two
minutes at temperature 100° C. Next, the material was irra-
diated with ultraviolet rays through a photo-mask. The bank
material used in Example was a negative type material, and a
bank material of an exposed position underwent a crosslink-
ing reaction and was cured. The wavelength of the applied
ultraviolet rays is a broad wavelength having a main peak at
365 nm. The exposure illuminance was 20 mW/cm?, and an
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irradiation time was 10 seconds. In addition, the exposed
bank material was developed using 0.2% of a TMAH solution
(NMD-3 manufactured by TOKYO OHKA KOGYO CO.,
LTD.), so as to pattern the bank material. Further, the devel-
oper was cleaned with pure water, and then the TFT panel was
post-baked in the clean oven of 220° C. for sixty minutes.

[0151] Next, an ink including a light emitting material is
coated in a region defined by the bank by an ink jet method. As
a solvent of the ink, cyclohexylbenzene was used. In addition,
the coated ink was dried through decompressed drying. Spe-
cifically, the TFT panel was placed in a vacuum chamber, and
the coated ink was dried through exhaust until a pressure in
the chamber became 10 Pa with a vacuum pump. The exhaust
time was 30 seconds, and the drying temperature was 25° C.
Successively, the TFT panel was further baked with the hot
plate of 130° C. for ten minutes.

[0152] A film shape of the organic emission layer of the
boundary light emitting element of the organic EL display
panel manufactured in the above-described method was mea-
sured using an atomic force microscope (AS-7B manufac-
tured by TAKANO Co., Ltd.), and a cross-sectional profile of
the organic emission layer of the boundary light emitting
element was obtained. The cross-sectional profile of the
organic functional layer of the boundary light emitting ele-
ment is shown in FIG. 11A. The profile shown in FIG. 11A is
a profile of the cross-section taken along the line BB' of FIG.
11B. In FIG. 11A, the longitudinal axis expresses a film
thickness (nm), the transverse axis expresses a measurement
position on the substrate, the sign I indicates a bank, the sign
Il indicates a contact hole, the sign II' indicates a dummy hole,
and the sign III indicates an organic emission layer.

[0153] In addition, a difference between the left and right

film thicknesses of the organic functional layers of the bound-

ary light emitting elements was obtained from the cross-

sectional profile of FIG. 11A, using the following Equation.
Difference between left and right film thicknesses=

(film thickness in left end)-(film thickness in
right end)

[Equation 1]
(Theleft end indicates a point of the organic emission layer on
the central side which is distant from a top portion of the left
bank by 7.5 um, and the right end indicates a point of the
organic emission layer on the central side which is distant
from a top portion of the right bank by 7.5 pm).

[0154] The difference between left and right film thick-
nesses of the organic emission layer of the boundary light
emitting element obtained in this way is shown in Table 1.

Comparative Example

[0155] In Comparative Example, the organic EL. display
panel was manufactured in the same manner as in Example
except that a dummy hole was not formed in the dummy
region of the TFT panel. A film shape of the organic emission
layer of the boundary light emitting element of the organic EL.
display panel of Comparative Example was measured using
the atomic force microscope (AS-7B manufactured by
TAKANO Co., Ltd.), and a cross-sectional profile of the
organic emission layer of the boundary light emitting element
was obtained. The cross-sectional profile of the organic func-
tional layer of the boundary light emitting element is shown in
FIG.12A. In FIG. 12A, the longitudinal axis expresses a film
thickness (nm), and the transverse axis expresses a measure-
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ment position (nm) on the substrate. The profile shown in
FIG. 12A is a profile of a cross-section taken along the line
BB' of FIG. 12B.

[0156] In addition, a difference between left and right film
thicknesses of the organic emission layer of the boundary
light emitting element, calculated from the cross-sectional
profile of FIG. 12A, is shown in Table 1.

Evaluation of Example and Comparative Example

[0157] As shown in FIG. 11A, in Example, the heights of
the bank are the same in both ends of the element. On the other
hand, as shown in FIG. 12A, in Comparative Example, the
heights of the bank are different in both ends of the elements.
Specifically, the bank of the portion where the contact hole is
formed is about 200 nm lower than the bank of the portion
where the contact hole is not formed. This result suggests that
the hole of the boundary non-emissive element influences a
shape of the bank of the boundary light emitting element.

[0158] In addition, in Comparative Example, the reason
why the height of the bank at the contact hole side of the
boundary light emitting element is smaller than the height of
the boundary bank is considered to be that the bank material
flowed into the contact hole upon coating the bank material.

TABLE 1

Difference between Left and Right
Film Thicknesses

0.4 nm
2.8 nm

Example
Comparative Example

[0159] Next, with reference to Table 1, a description will be
made of a film shape of the organic emission layer of the
boundary light emitting element of the organic EL display
panels of Example and Comparative Example. Table 1 shows
differences between left and right film thicknesses of the
organic emission layer of the boundary light emitting element
of Example and Comparative Example. The greater differ-
ence between left and right film thicknesses indicates that an
inclination of the film is greater, and a film shape is worse.

[0160] Asshown in Table 1, the difference between left and
right film thicknesses is 0.4 nm in Example, whereas the
difference between left and right film thicknesses increases to
2.8 nm. This result suggests that a film shape of the organic
emission layer of the boundary light emitting element is con-
siderably improved in Example as compared with Compara-
tive Example.

[0161] In addition, the reason why the difference between
left and right film thicknesses increases to 2.8 nm is consid-
ered to be that the heights of the bank are different in both
ends of the element. As described above, this is because, since
a film shape of the organic emission layer is influenced by the
bank, if the heights of the bank are different in both ends of the
element, film shapes of the organic emission layer are also
different in both ends.

[0162] To summarize the above-described results, the hole
is also formed in the boundary light emitting element, and
thereby it is suggested that a shape of the boundary bank is the
same as a shape of the other effective emission region bank,
and thus a shape of the organic functional layer of the bound-
ary light emitting element becomes uniform.
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[0163] The disclosure of Japanese Patent Application No.
2010-283115, filed on Dec. 20, 2010, including the specifi-
cation, drawings and abstract, is incorporated herein by ref-
erence in its entirety.

INDUSTRIAL APPLICABILITY

[0164] Intheorganic EL display panel of the present inven-
tion, a dummy hole is formed in a dummy pixel adjacent to an
effective emission pixel at the other side of the effective
emission pixel, and thereby an emission layer with a uniform
film shape can be formed in an outermost circumference of
the effective emission region. Thereby, it is possible to pro-
vide an organic EL display panel which has small luminance
unevenness and emission color unevenness in a surface of the
panel and thus has good display quality.

REFERENCE SIGNS LIST
[0165] 100, 200, 300, 400 and 500 Organic EL display
panel
[0166] 101 Substrate
[0167] 103 TFT
[0168] 105 Planarized film
[0169] 107 Contact hole
[0170] 109 Dummy hole
[0171] 110 TFT panel
[0172] 120 Light emitting element
[0173] 121 Reflective anode
[0174] 123 Hole injection layer
[0175] 125 Organic emission layer
[0176] 127 Bank
[0177] 129 Transparent cathode
[0178] 130 Non-emissive element
[0179] D Dummy region
[0180] L Effective emission region

1. An organic EL display panel comprising:

a TFT panel that includes an effective emission region
located at a central portion and a dummy region located
in an outer circumferential portion and surrounding the
effective emission region;

a plurality of light emitting elements disposed in the effec-
tive emission region; and

a plurality of non-emissive elements disposed in the
dummy region,

wherein each of the light emitting elements includes:

a thin film transistor embedded in the TFT panel;

a contact hole provided at one end side of a region of the
light emitting element in the TFT panel;

a pixel electrode provided on the TFT panel and con-
nected to the thin film transistor via the contact hole;

an organic functional layer disposed on the pixel elec-
trode;

a bank disposed on the TFT panel and defining a dispo-
sition region of the organic functional layer; and

a counter electrode disposed on the organic functional
layer,

wherein each of the non-emissive elements include:

a bank disposed on the TFT panel; and
an organic functional layer formed in a region defined by
the bank,

wherein, among the plurality of non-emissive elements, a
boundary non-emissive element further includes a hole
which is provided at one end side of a region of the
boundary non-emissive element, the boundary non-
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emissive element being adjacent to the light emitting
element at the other end side of a region of the light
emitting element.

2. The organic EL display panel according to claim 1,
wherein, among the plurality of non-emissive elements, the
non-emissive element adjacent to the effective emission
region further includes a thin film transistor embedded in the
TFT panel, and

wherein the thin film transistor of the non-emissive ele-

ment does not function.

3. The organic EL display panel according to claim 1,
wherein, among the plurality of non-emissive elements, the
non-emissive element adjacent to the effective emission
region further includes a pixel electrode disposed on the TFT
panel.

4. The organic EL display panel according to claim 1,
wherein, among the plurality of non-emissive elements, the
non-emissive element adjacent to the effective emission
region does not have a counter electrode.

5. The organic EL display panel according to claim 1,
wherein the bank surrounds an element on all sides.

Oct. 3, 2013

6. The organic EL display panel according to claim 1,
wherein the bank defines a region where elements are
arranged in a line.
7. A method for manufacturing the organic EL. display
panel according to claim 1, comprising:
preparing the TFT panel by forming a planarized film on a
substrate provided with the thin film transistor;

forming the contact hole in the planarized film at one end
side of the region of the light emitting element, and
forming the hole in the planarized film at one end side of
the region of the boundary non-emissive element, the
boundary non-emissive element being adjacent to the
light emitting element at the other end side of the region
of the light emitting element;

forming the pixel electrode in the effective emission region

of the TFT panel;

forming the bank on the TFT panel;

coating and forming the organic functional layer in the

region defined by the bank; and

forming the counter electrode in the effective emission

region of the TFT panel.
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