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ABSTRACT
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Disclosed is an organic EL display panel which includes: a
substrate; a linear first bank which is disposed over the sub-
strate and defines a linear region; a second bank which defines
two or more pixel regions arranged in the linear region; a pixel
electrode disposed in the pixel region; a linear organic layer
which is formed by coating method in the linear region over
the pixel electrode and second bank; and a counter electrode
over the organic layer, wherein the first bank is larger in height
than the second bank, the first and second banks are made of
resin, anisole contact angle at the top of the first bank is
30-60°, and anisole contact angle at the top of the second bank
is 5-30°.
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ORGANIC EL DISPLAY PANEL AND
MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

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

BACKGROUND ART

[0002] An organic EL display panel refers to a display
panel which includes light-emitting devices exploiting elec-
troluminescence (EL) of organic compounds. Specifically,
the organic EL display panel has EL devices each including a
pixel electrode, an organic luminescent layer disposed over
the pixel electrode, and a counter electrode disposed over the
organic luminescent layer. Organic EL materials used for the
organic luminescent layer can be broadly classified into two
types: combinations of low-molecular weight compounds
(combinations of host and dopant materials); and organic
polymer compounds. Examples of organic polymer com-
pounds include polyphenylenevinylene (abbreviated as
“PPV”) and its derivatives. An organic EL display panel that
utilizes organic polymer compounds can be driven at rela-
tively low voltage and consumes less power, lending itself to
development of large display panels. Under this circum-
stance, extensive research activities are underway.

[0003] With a printing technology such as inkjet printing,
organic polymer compounds are applied to corresponding
pixels according to their luminescence color—R, G or B. For
example, printing is accomplished by discharging a polymer
ink containing an organic polymer compound and solvent
from an inkjet head. When printing such a polymer ink on
certain pixels, it is necessary to prevent the polymer ink from
entering unintendedly into adjacent pixels.

[0004] In order to prevent an organic EL material-contain-
ing ink from entering into adjacent pixels of different colors,
amethod is suggested in which walls (banks) are provided in
such a way as to surround all four sides of every pixel and the
ink is dropped in regions defined by the banks (see, e.g.,
Patent Document 1).

[0005] Nevertheless, organic EL display panels manufac-
tured with this method have had the disadvantage of non-
uniform organic luminescent layer thickness because discrete
organic luminescent layers are formed in regions defined by
banks. Namely, non-uniform thickness is caused by the sur-
face tension of the applied ink, which pulls more liquid to the
edges of the banks. Non-uniformity in organic luminescent
layer thickness reduces the luminescence efficiency and,
accordingly, lifetime of an organic EL display panel.

[0006] FIG. 1A shows an organic EL display panel struc-
ture which has succeeded in overcoming the above disadvan-
tage (see, e.g., Patent Document 2). FIG. 1A is a plan view of
the organic EL display panel disclosed by Patent Document 2.
FIG. 1B is a III-III line sectional view of the organic EL
display panel shown in FIG. 1A. FIG. 1C is a partially
enlarged view of FIG. 1B. As shown in FIGS. 1A to 1C, the
organic EL display panel includes glass substrate 1, first
electrode layer 2, first banks 4, second banks 3, hole injection
layers 5, and organic luminescence layers 6. First bank 1 and
second bank 3 are both made of resin.

[0007] First banks 1 define linear regions 40. Each linear
region 40 has a row of organic EL devices and defines linear
organic luminescence layer 6. Second banks 3 define pixel
regions 30, which define regions of hole injection layer 5.
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[0008] 1In the organic EL display panel shown in FIGS. 1A
to 1C each organic luminescent layer covers multiple pixel
regions (organic EL devices), whereby the thickness of each
organic luminescent layer can be made uniform in lengthwise
direction. To achieve this configuration, organic luminescent
layers 6 are formed so as to also cover second banks 3.
[0009] A method is known, to control the “pinning” of
functional layers (hole injection layer and organic lumines-
cent layer) by employing a two-layered resin bank defining
the functional layers obtained by coating method (see, e.g.,
Patent Document 3). In the organic EL device disclosed by
Patent Document 3, a first resin layer of a bank (lower bank
layer) is made smaller in width than a second resin layer
(upper bank layer)to provide a difference in bank height. This
bank level difference controls “pinning” of the functional
layers to provide uniform thick functional layers.

[0010] Moreover, methods are known in which a two-lay-
ered bank is employed whose upper bank is made lyophobic
and whose lower bank is made lyophilic, so that functional
layer material solution can sufficiently spread over the region
defined by the bank (see Patent Documents 4-10). In the
organic EL. devices disclosed by Patent Documents 4-10, the
lower bank is made lyophilic by employing a lyophilic mate-
rial such as Si0, as a lower bank material. This increases
compatibility between the bank and functional layer material
solution, allowing the applied functional layer material solu-
tion to spread over the entire region defined by the bank.
[0011] Patent Document 1: Japanese Patent Application
Publication No. 2006-86128

[0012] Patent Document 2: U.S. Pat. No. 7,091,660
[0013] Patent Document 3: Japanese Patent Application
Publication No. 2006-41027

[0014] Patent Document 4: Japanese Patent Application
Publication No. 2006-286309

[0015] Patent Document 5: Japanese Patent Application
Publication No. 2006-305331

[0016] Patent Document 6: Japanese Patent Application
Publication No. 2006-71872

[0017] Patent Document 7: Japanese Patent Application
Publication No. H11-329741

[0018] Patent Document 8: Japanese Patent Application
Publication No. 2007-44582

[0019] Patent Document 9: Japanese Patent Application
Publication No. 2005-222776

[0020] Patent Document 10: Japanese Patent Application
Publication No. 2006-294446

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0021] When the wettability of the second bank of an
organic EL display panel such as that shown in FIGS. 1A and
1B is low, the organic EL. material-containing ink applied
thereon may be repelled. When the second bank is ink repel-
lent, it results in failure to form uniform thick organic lumi-
nescent layers. Accordingly, the second bank is required to
have high wettability at its upper surface.

[0022] The first bank, on the other hand, is required to have
low wettability as it needs to define regions for the organic EL
material-containing ink to be applied. Thus, when forming
linear organic luminescent layers each covering a row of
organic EL. devices, the first bank needs to have lower wetta-
bility than the second bank.
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[0023] Patent Document 2 which discloses the organic EL
display panel shown in FIGS. 1A to 1C, however, fails to
disclose any specific means for decreasing the wettability of
the first bank to a level lower than that of the second bank.
[0024] One possible method of lowering the second bank
wettability is to employ a lyophilic inorganic film for second
bank 3, as described in Patent Documents 4-10. However,
unfortunately, second bank 3 formed of an inorganic film
results in increased process steps and production costs.
[0025] Further, in the organic EL display panel disclosed by
Patent Document 2, level difference X between second bank
3 and hole injection layer 5 is large as shown in FIG. 1C. This
is because in this organic EL, display panel second bank 3
needs to have a predetermined height enough to define hole
injection layers which are formed by coating method. Thus,
linear regions 40 prior to formation of organic luminescent
layers are not flat; uniform organic luminescent layers cannot
be formed when linear regions 40 do not have flat surface.
[0026] There may be no necessity to provide second bank 3
if the hole injection layer formed by coating method is
replaced by one formed by thin film deposition or if no hole
injection layer is provided. However, if second bank 3 is not
provided as a bank which defines pixel regions 30, there is
concern that linear regions 40 become more rugged due to
level differences between the substrate surface and pixel elec-
trode or hole injection layer surface.

[0027] It is therefore an object of the present invention to
provide a long-life organic EL display panel with a high light
emission efficiency by making uniform the thicknesses of
linear organic luminescent layers.

Means for Solving the Problem

[0028] A first aspect of the present invention relates to
organic EL display panels below.

[0029] [1] An organic EL display panel including: a sub-
strate; a linear first bank which is disposed over the substrate
and defines a linear region; a second bank which defines two
or more pixel regions arranged in the linear region; a pixel
electrode disposed in the pixel region; a linear organic layer
which is formed by coating method in the linear region over
the pixel electrode and second bank; and a counter electrode
on the organic layer, wherein the first bank is larger in height
than the second bank, the first and second banks are made of
resin, anisole contact angle at the top of the first bank is
30-60°, and anisole contact angle at the top ofthe second bank
is 5-30°.

[0030] [2] The organic EL display panel according to [1],
wherein the height of the first bank from a surface of the
substrate is 0.5-3 um.

[0031] [3] The organic EL display panel according to [1] or
[2], wherein a bottom surface of the organic layer contacts the
pixel electrode, and the height of the second bank from a
surface of the pixel electrode is 0.1 um to +0.4 pm.

[0032] [4] The organic EL display panel according to [1] or
[2], further comprising a separate hole injection layer dis-
posed over the pixel electrode in each of the pixel regions,
wherein a bottom surface of the organic layer contacts the
hole injection layer.

[0033] [5] The organic EL display panel according 1o [4],
wherein the hole injection layer contains a transition metal
oxide, and the height of the second bank from a surface of the
hole injection layer is -0.1 um to +0.4 pm.

[0034] [6] The organic EL display panel according to [4],
wherein the hole injection layer contains polyethylenediox-
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ythiophene, and the height of the second bank from a surface
of the pixel electrode is 0.1-0.5 um.

[0035] [7] The organic EL display panel according to any
one of[1] to [6], wherein a material of the firstbank is fluorine
resin.

[0036] [8] The organic EL display panel according to [7],
wherein the first bank has a gradient of fluorine concentration
along the height thereof. and the fluorine concentration is
higher at the top than at the bottom surface thereof.

[0037] [9] The organic EL display panel according to [7] or
[8], wherein a material of the second bank is fluorine resin.
[0038] [10] The organic EL display panel according to [9],
wherein the fluorine concentration at the top of the first bank
is higher than the fluorine concentration at the top of the
second bank.

[0039] A second aspect of the present invention relates to
manufacturing methods of an organic EL display panel
below.

[0040] [11] A method of manufacturing an organic EL dis-
play panel including: providing a substrate on which a pixel
electrode is arranged; forming a linear first bank which
defines a linear region, and a second bank which defines two
or more pixel regions arranged in the linear region over the
substrate; applying a material solution containing an organic
EL material in the linear region to form a linear organic layer;
and forming a counter electrode over the organic layer,
wherein the first bank is larger in height than the second bank,
the first and second banks are made of resin, anisole contact
angle at the top of the first bank is 30-60°, and anisole contact
angle at the top of the second bank is 5-30°.

[0041] [12] The method according to [11], wherein the step
of forming the first and second banks includes: patterning a
resin film on the substrate; and baking the patterned resin
film.

[0042] [13] The method according to [12], wherein the step
of patterning the resin film includes: forming on the substrate
photosensitive resin film A containing a material of the sec-
ond bank; forming on the photosensitive resin film A photo-
sensitive resin film B which contains a material of the first
bank and has different sensitivity than the photosensitive
resin film A; and exposing the photosensitive resin films A
and B through a mask having different degrees of light trans-
mittance, and developing the exposed photosensitive resin
films A and B.

[0043] [14] The method according to [12], wherein the step
of patterning the resin film includes: forming on the substrate
a photosensitive resin film containing a fluorine compound,
and exposing the photosensitive resin film through a halftone
mask having different degrees of light transmittance, and
developing the exposed photosensitive resin.

ADVANTAGEQOUS EFFECT OF THE INVENTION

[0044] The present invention can provide an organic EL
display panel with uniform thick organic layers because coat-
ing regions have high wettability and flat surface.

BRIEF DESCRIPTION OF DRAWINGS

[0045] FIGS. 1A to 1C are a plan view and sectional views,
respectively, showing a conventional organic EL display
panel;

[0046] FIG. 21s a sectional view of an organic EL device in
an organic EL display panel according an embodiment of the
present invention;
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[0047] FIGS. 3A to 3E show a method of manufacturing an
organic EL display panel according an embodiment of the
present invention;

[0048] FIGS. 4A to 4D show an example of a method of
fabricating first and second banks;

[0049] FIGS. 5A to 5C show another example of a method
of fabricating first and second banks;

[0050] FIGS. 6A and 6B show an organic EL display panel
according to an embodiment of the present invention;
[0051] FIGS. 7A and 7B are sectional views showing an
organic EL device included in Embodiment 1 of an organic
EL display panel;

[0052] FIGS. 8A and 8B are sectional views showing an
organic EL device included in Embodiment 2 of an organic
EL display panel;

[0053] FIG.9is a partially enlarged plan view showing an
organic EL display panel having a row ofhole injection layers
containing PEDOT-PSS.

[0054] FIG. 10A to 10G show a method of manufacturing
an organic EL display panel according to Embodiment 2;
[0055] FIGS. 11A and 11B show an organic FL display
panel according to Embodiment 3;

[0056] FIG. 12 shows a model of an organic EL display
panel manufactured in Example;

[0057] FIG. 13 is a graph of variations in organic lumines-
cent layer thickness in an organic EL display panel of
Example;

[0058] FIG.14isaplan view showing amodel ofan organic
EL display panel in Comparative Example;

[0059] FIG. 15 is a sectional view showing a model of an
organic EL display panel in Comparative Example; and
[0060] FIG. 16 is a graph of variations in organic lumines-
cent layer thickness in an organic EL display panel of Com-
parative Example.

BEST MODE FOR CARRYING OUT THE
INVENTION

1. Organic EL Display Panel

[0061] An organic EL display panel of the present inven-
tion includes a matrix of organic EL devices arranged on a
substrate. Each organic EL device includes a pixel electrode,
an organic layer disposed over the pixel electrode; and a
counter electrode disposed over the organic layer. In the
present invention the organic layer is formed by coating
method.

[0062] More specifically, an organic EL display panel of
the present invention includes 1) a substrate. 2) pixel elec-
trodes; 3) first and second banks disposed on the substrate, 4)
organic layers disposed in regions defined by the first bank,
and 5) a counter electrode disposed over the organic layers.
[0063] An organic EL display panel of the present inven-
tion may be either of a passive-matrix panel which has a grid
of linear pixel electrodes, or an active-matrix panel which has
a separate pixel electrode for each organic EL device. More-
over, the organic EL display panel may be either of bottom
emission type or top emission type. The following describes
respective components of an organic EL display panel of the
present invention.

[0064] 1) Substrate

[0065] The material of a substrate of an organic EL display
panel of the present invention varies depending on whether
the organic display panel is of top mission type or bottom
emission type. For example, in the case of bottom emission
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type, the substrate needs to be transparent. Thus, in this case,
the substrate material may be selected from glass, transparent
resins, etc. In the case of top emission type, on the other hand,
the substrate needs not to be transparent and, therefore, is only
required to be made of insulating material.

[0066] When an organic EL display panel of the present
invention is an active matrix display panel, the substrate
incorporates therein thin film transistors for driving organic
BL devices (driving TFTs). The source electrode or drain
electrode of a driving TFT is connected to a pixel electrode
described later (see FIG. 7A).

[0067] 2) Pixel Electrode

[0068] A pixel electrode is a conductive member arranged
on the substrate. In organic EL display panels, pixel electrode
generally serves as anode, but may also serve as cathode. The
pixel electrode is disposed in the pixel region described later.
In the case of passive-matrix display panel, multiple linear
pixel electrodes are arranged on a substrate. The multiple
linear pixel electrodes are preferably parallel each other. In
the case of active matrix display panel, separate pixel elec-
trodes are arranged for respective organic EL devices.
[0069] Bottom emission type organic display panels
require transparency in pixel electrodes. Thus, examples of
materials of the pixel electrode include indium tin oxide
(ITO), indium zinc oxide (IZ0), and zinc oxide (ZnO).
[0070] On the other hand, top emission type organic EL
display panels require light reflectivity in pixel electrodes.
Thus, examples of materials of the pixel electrode include
silver-containing alloys, more specifically silver-palladium-
copper alloys (also referred to as “APC”) and silver-ruthe-
nium-gold alloys (also referred to as “ARA”); molybdenum/
chrome (MoCr) alloys; nickel/chrome (NiCr) alloys; and
aluminum alloys such as aluminum-neodymium (Al—Nd)
alloys. Moreover, reflective pixel electrodes may have an ITO
film or indium zinc oxide (IZO) film attached on their surface.
[0071] A hole injection layer may be disposed on a pixel
electrode. The hole injection layer has a function of help
injecting holes into an organic layer from the pixel electrode.
Thus, the hole injection layer is disposed between the pixel
electrode and the organic layer (see FIGS. 7A and 8B).
[0072] Examples of the material of the hole injection layer
include poly(3,4-ethylenedioxythiophene) doped with poly-
ethylene sulfonate (referred to as “PEDOT-PSS”) and deriva-
tives thereof, and transition metal oxides. Among them, tran-
sition metal oxides are preferable.

[0073] Examples of transition metals include tungsten,
molybdenum, titanium, vanadium, ruthenium, manganese,
chrome, nickel, iridium, silver-palladium-copper alloys
(APC), and combinations thereof. Preferred hole injection
material is tungsten oxide (WO,) or molybdenum oxide
(MoO,).

[0074] The hole injection layer thickness is generally
10-100 nm and may be about 50 nm.

[0075] Because a PEDOT-PSS-containing hole injection
layer is formed by coating method, there has been required to
employ a later-described second bank for defining the region
in which the hole injection layer is to be formed (see Patent
Document 2). Thus, such a second bank is required to have a
certain height, leading to significant level differences in a
coating region described later (see FIG. 1C). On the other
hand, as a hole injection layer made of transition metal oxide
can be formed by sputtering or vapor deposition, there is no
need to provide a second bank for defining a region for the
hole injection layer. Accordingly, when a hole injection layer
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is formed by sputtering or vapor deposition of transition metal
oxide, the second bank can be made relatively low in height,
reducing level differences in a coating region which result in
planarization of the coating region.

[0076] Theholeinjection layer may not be provided as long
as holes can be efficiently injected into the organic layer from
the pixel electrode. In this case, the organic layer is disposed
on the pixel electrode. As described above, in the present
invention, there are three different cases regarding the dispo-
sitions of pixel electrode, organic layer and hole injection
layer: i) a case where an organic layer is disposed on a pixel
electrode; 11) a case where an organic layer is disposed on a
hole injection layer made of transition metal oxide; and iii) a
case where an organic layer is disposed on a PEDOT-PSS-
containing hole injection layer.

[0077] 3) First Bank and Second Bank

[0078] First and second banks are barriers disposed on a
substrate. In the present invention the materials of the first and
second banks contain resin.

[0079] First Bank

[0080] A first bank is a barrier disposed on a substrate for
defining a later-described coating region in which an organic
layer is to be applied. The first bank is provided in the form of
multiple linear banks on a substrate, defining linear regions
over the substrate (see FIG. 6A). In the linear region an
organic layer described later is applied. Hereinafter, a linear
region defined by linear banks (first bank) is referred to as a
“coating region.” In one coating region defined by the first
bank, there is provided a row of pixel regions (see FIG. 6A).
Herein, “pixel region” means a region occupied by one
organic EL device.

[0081] Preferably, linear first banks run in parallel with
each other. Moreover, when linear pixel electrodes are formed
(i-e., in the case of passive-matrix organic EL display panel),
the linear banks preferably run orthogonal to the lines of pixel
electrodes.

[0082] The height of the first bank from the substrate sur-
face is preferably 0.5-3 um, more preferably 0.8-1.2 um. As
will be described later, in an active-matrix organic EL display
panel, all organic EL, devices share one counter electrode.
However, when the first bank height is more than 3 um, there
is concern that the counter electrode is segmented by the first
bank, which may in turn result in failure to form a counter
electrode which is shared by every organic EL device. When
the bank height is less than 0.5 pum, there is concern of leakage
of ink applied in regions defined by the bank.

[0083] Preferably, the first bank has a forward tapered
shape. As used herein “forward tapered shape” means that the
side surface of the bank is inclined in such a way that the bank
bottom area is larger than the bank upper area (see FIG. 7A).
When the bank shape is tapered in this way, the taper angle is
preferably 20-80°, more preferably 30-45°.

[0084] The first bank material is not particularly limited as
long as it is a resin; it is preferably a fluorine resin. Examples
of fluorine compounds contained in fluorine resins include
vinylidene fluoride, vinyl fluoride, ethylene trifluoride, and
fluorinated resins such as copolymers thereof. Examples of
resins contained in fluorine resins include phenol-novolac
resins, polyvinylphenol resins, acrylic resins, methacrylic
resins, and combinations thereof.

[0085] As described above, the first bank defines a region in
which an organic material-containing ink is to be applied,
thereby preventing ink leakage of the ink. Thus, the upper
surface of the first bank has low wettability. Herein, “low
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wettability” means that the contact angle of organic solvent
such as anisole or cyclohexylbenzene is 30-60°. Herein
“upper surface” means a bank surface including the bank top.

[0086] The first bank preferably has higher wettability at
the bottom bank surface than at the bank upper surface. By
decreasing the wettability of the bank upper surface to a level
lower than that of the bank bottom surface, the first bank
exerts its inherent function that low wettability at the bank
upper surface suppresses leakage of organic material solu-
tion, and at the same time, high wettability at the bank bottom
allows the solution to be completely applied in the entire
region defined by the first bank, i.e., to the boundary between
the first bank and the region defined by the first bank.

[0087] Bank wettability primarily depends on the concen-
tration of fluorine atoms. Thus, in order to reduce the wetta-
bility of bank upper surface and increase the wettability of
bank bottom surface, it is only necessary to make fluorine
concentration higher at the bank upper surface than at the
bank bottom surface. More specifically, the fluorine concen-
tration at the top of the first bank is preferably 4-10 atom %,
and the fluorine concentration at the bottom surface of the first
bank is preferably 0-3 atom %. Fluorine concentration can be
measured by X-ray photoelectron spectroscopy (also referred
to as “XPS” or “ESCA”). Examples of X-ray photoelectron
spectroscopy analyzer include PHI Quantera SXM (ULVAC-
PHI, Inc.).

[0088] Bank with a higher fluorine concentration at the
upper surface and a lower fluorine concentration at the bottom
surface as described above can be prepared by baking treat-
ment of a fluorine resin film which has been patterned into
desired shape.

[0089] Table 1 shows relationships among thickness
(height) of baked fluorine resin film, fluorine concentration at
resin film surface and water contact angles and anisole con-
tact angles at resin film surface. Contact angles of water and
anisole were measured using LCD Glass Cleanness & Treat-
ment Analyzer (Kyowa Interface Science Co., Ltd.).

TABLE 1
Organic

Thickness Water contact solvent contact Fluorine conc.

(um) angle angle (atom %)

1 81.2° 45.5° 75

0.9 78.9° 43.0° 6.9

0.8 76.5° 40.6° 6.3

0.7 74.1° 38.2° 5.6

0.6 71.7° 35.7° 5.0

0.5 69.4° 33.3° 43

0.4 67.0° 30.8° 3.7

0.3 64.6° 28.4° 3.0

0.2 62.2° 25.9° 24

0.1 59.9° 23.5° 1.7
[0090] Asshown in Table 1, fluorine resin films have higher

fluorine concentrations at their surface with increasing film
thickness (height). Since the wettability of fluorine resin pri-
marily depends on the fluorine concentration, contact angles
of water and organic solvent increase (wettability decreases)
with increasing fluorine concentration.

[0091] Forexample, a 1 pm-thick fluorine resin film has, at
a surface thereof, a fluorine concentration of 7.5 atom %,
water contact angle of 81.2°, and anisole contact angle of
45.5°.
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[0092] A 0.3 pm-thick fluorine resin film has, at a surface
thereof, a fluorine concentration of 3.0 atom %, water contact
angle of 64.6°, and anisole contact angle of 28.4°.

[0093] By making the shape of the fluorine resin bank for-
wardly tapered, a gradient of fluorine concentration can be
obtained along the height of the first bank.

[0094] FIG. 2 is a sectional view showing an organic EL
device having forwardly tapered bank 105. When bank 105
has a forward tapered shape as shown in FIG. 2, a height
gradient is obtained along its wall surface. More specifically,
referring to FIG. 2, bank height decreases in the order of 5a,
5b, and 5c.

[0095] As shown in Table 1, the upper surfaces of lower
banks have lower fluorine densities, whereas the upper sur-
faces of higher banks have higher fluorine densities. Accord-
ingly, referring to forwardly tapered bank 105 shown in FIG.
2, the portion denoted by 5a (higher bank portion) has a
relatively high fluorine concentration, whereas the portion
denoted by 5¢ (lower bank portion) has a relatively low fluo-
rine concentration. Thus, in bank 105, fluorine concentration
decreases in the order of 5a, 56, and 5¢. In FIG. 2, 101 denotes
a substrate, and 103 denotes an electrode.

[0096] In this way a gradient of fluorine concentration can
be obtained along the height of the first bank, by making the
shape of the first bank made of fluorine resin forwardly
tapered. Moreover, a gradient of wettability can also be
obtained along the bank height by producing a gradient of
fluorine concentration along the height of the first bank. By
applying an organic material solution in the region defined by
the first bank having a gradient of wettability along its height,
the organic layer can be formed with accuracy while ensuring
more uniformity in their thickness.

[0097] When an organic EL display panel of the present
invention is a passive-matrix panel, the first bank not only
defines coating regions, but also may serve as a counter elec-
trode separator. The counter electrode separator is a member
for dividing a counter electrode described later; for example,
it divides a counter electrode, which is formed over organic
layers described later by vapor deposition or the like, into
segments according to linear coating regions.

Second Bank

[0098] A second bank is disposed on a substrate and has a
function of defining two or more pixel regions in each coating
region (see FIGS. 6a and 6B) and planarizing the coating
regions. As organic layer formed by coating method also
covers the second bank in the present invention, the second
bank is shorter in height than the first bank. The height of the
second bank will be described later.

[0099] The wettability of the second bank at the upper
surface is preferably high. The reason for this is that the upper
surface of the second bank needs to have affinity for organic
material solution because as described above the organic
layer formed by coating method also covers the second bank.
Herein, “wettability is high” means that the contact angle of
organic solvent such as anisole or cyclohexylbenzene is 5-30°
and water contact angle is 30-90°.

[0100] The present invention is characterized in that the
first and second banks are both made of resin, but have dif-
ferent degrees of wettability as described above. By estab-
lishing this wettability difference, it is possible to form uni-
form thick linear organic layers by coating method.

[0101] In order to establish wettability difference between
the first and second banks, it is only necessary to differentiate
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their resin compositions from each other. Herein, “to make
the resin compositions different from each other” means to
change the molecular structures of resin monomers, mono-
mer ratios, additive amounts, etc.

[0102] In the case of differentiating the resin composition
of the first bank from that of the second bank, A) first and
second banks may be made of different materials, or B) first
and second banks may be made of the same material.

[0103] A) Ina Case where Different Materials are Used for
First and Second Banks

[0104] When first bank material and second bank material
are different, resins having higher wettability than resins for
the first bank may be employed as a material for the second
bank. Examples of resins with high wettability include fluo-
rine-free polyimide resins and fluorine-free acrylic resins.
[0105] B) In a Case where the Same Material is Used for
First Bank and Second Bank

[0106] In order to decrease the wettability of the upper
surface of the first bank while increasing the wettability of the
upper surface of the second bank even when using the same
material for the first and second banks, it is only necessary to
employ fluorine resins as the first bank material and second
bank material.

[0107] As described above, the wettability of fluorine resin
depends on its thickness (height) (see Table 1). In addition, as
described above, the second bank is shorter in height than the
first bank. Accordingly, even when the first bank material and
second bank material are both fluorine resins, it is possible to
reduce the wettability of the upper surface of the first bank
and increase the wettability of the upper surface of the second
bank.

[0108] When the first bank material and second bank mate-
rial are both fluorine resins, the fluorine concentration at the
top of the second bank is preferably 1-4 atom %.

[0109] Height of Second Bank

[0110] The height of the second bank varies depending on
the kind of the layer contacting the bottom surface of an
organic layer described later (hereinafter also referred to as a
“underlying layer of organic layer”). As described above, in
the present invention, there are three different cases regarding
the dispositions of pixel electrode, organic layer and hole
injection layer: 1) a case where an organic layer is disposed on
a pixel electrode; ii) a case where an organic layer is disposed
on a hole injection layer made of transition metal oxide; and
iii) a case where an organic layer is disposed on a PEDOT-
PSS-containing hole injection layer. Thus, the underlying
layer of organic layer corresponds to any one of the following
members: 1) pixel electrode, ii) hole injection layer made of
transition metal oxide, and iii) PEDOT-PSS-containing hole
injection layer. Hereinafter, descriptions will be provided as
to the height of the second bank for each case.

[0111] 1i): In the Case where the Underlying Layer of
Organic Layer is a Pixel Electrode

[0112] When the underlying layer is a pixel electrode, the
height of the second bank is preferably -0.1 pm to +0.4 pum,
more preferably about 0 um, from the pixel electrode surface.
With this configuration the second bank needs not to define
layers which are formed by coating method. Thus, it is pos-
sible to make the height of the second bank relatively low as
measured from the pixel electrode surface. This enables pla-
narization of the coating region and thereby organic layer
thickness can be made more uniform.

[0113] In this case it may be possible not to provide the
second bank as there is no need to define any layer formed by
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coating method. However, when no second bank is provided,
there is concern that the linear region 40 becomes more rug-
ged due to level differences between the substrate surface and
pixel electrode or hole injection layer surface. For this reason,
even when the second bank does not define any functional
layer formed by coating method, it is preferable to provide the
second bank for the purpose of planarization of the coating
region.

[0114] 1ii): In the Case where the Underlying Layer of
Organic Layer is a Hole Injection Layer Made of Transition
Metal Oxide (See Embodiment 1)

[0115] When the underlying layer is a hole injection layer
made of transition metal oxide, the height of the second bank
is preferably =0.1 um to +0.4 um, more preferably about 0
um, from the surface of the hole injection layer made of
transition metal oxide. With this configuration the second
bank needs not to define layers which are formed by coating
method. Thus, it is possible to make the height of the second
bank relatively low as measured from the surface of the hole
injection layer made of transition metal oxide. This also
enables planarization of coating regions and thereby organic
layer thickness can be made more uniform.

[0116] 1iii): In the Case where the Underlying Layer of
Organic Layer is a PEDOT-PSS-Containing Hole Injection
Layer (see Embodiment 2)

[0117] When the underlying layer is a PEDOT-PSS-con-
taining hole injection layer, the height of the second bank is
preferably 0.1-0.5 um from the pixel electrode surface. The
PEDOT-PSS-containing hole injection layer is formed by
coating method. Thus, when the underlying layer is a
PEDOT-PSS-containing hole injection layer, it is required for
the second bank to define a region in which a hole injection
material solution (solution containing PEDOT-PSS and
water) is to be applied. For this reason, in this case, the height
of the second bank from the surface of the PEDOT-PSS-
containing hole injection layer is high compared to those of
cases (i) and (i1).

[0118] When the second bank defines regions in which a
hole injection material solution (solution containing PEDOT-
PSS and water) is to be applied, the wettability of the second
bank is preferably lower at the upper surface than at the
bottom surface. Moreover, preferably, the second bank has a
gradient of wettability along the bank height, which enables
precise formation of uniform thick PEDOT-PSS-containing
hole injection layers.

[0119]

[0120] An organic layer contains at least an organic lumi-
nescent layer and is disposed over a pixel electrode. Organic
layers are formed by applying an organic material solution in
the linear coating region defined by the first bank; by applying
an organic material solution (ink obtained by dissolving
organic material into an organic solvent such as anisole or
cyclobenzene) in the coating region by coating method such
as inkjet printing, they are readily formed without damaging
other materials. In the present invention, linear organic layers
are formed in separate coating regions defined by the first
bank in such a way that they each cover multiple organic EL
devices. Thus, the organic layer is disposed not only on pixel
regions, but also on the second bank.

[0121] Organic EL material to be contained in the organic
luminescent layer may be either of polymer or low molecular
weight as long as the organic luminescent layer can be pre-
pared by coating method. In particular, polymeric organic EL

4) Organic Layer
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material is preferable because by using polymeric organic EL
material, the organic luminescent layer can be readily formed
by coating method.

[0122] Examples of polymeric organic EL material include
polyphenylenevinylene and its derivatives, polyacetylene and
its derivatives, polyphenylene and its derivatives, poly para
phenylene ethylene and its derivatives, poly(3-hexylth-
iophene) (P3HT) and its derivatives, and polyfluorene (PF)
and its derivatives.

[0123] Examples of low-molecular weight organic EL
material include tris(8-quinolinolate) aluminum.

[0124] Theorganic EL material is appropriately selected so
that pixels each show their desired color—red (R), green (G),
orblue (B). For example, green pixels are arranged nexttored
pixels; blue pixels are arranged next to the green pixels; red
pixels are arranged next to the blue pixels; and so forth. The
thickness of the organic luminescent layer is preferably about
50-150 pm (e.g., 60 um).

[0125] The organic layer may further include an electron
block layer, an electron transport layer and the like.

[0126] The electron block layer is made of polyaniline-
based material or the like and has such functions as preventing
the entry of electrons into the hole injection layer or effi-
ciently transporting holes to the organic luminescent layer.
The thickness of the electron block layer is generally 5-100
nm, preferably 10-50 nm (e.g., about 20 nm). No electron
block layer may be provided as long as holes can be efficiently
transported to the organic luminescent layer.

[0127] 5) Counter Electrode

[0128] A counter electrode is a conducive member dis-
posedover the organic layer. In organic EL display panels, the
counter electrode generally serves as a cathode, but may also
serve as an anode. The material of the counter electrode varies
depending on whether the organic EL display panel is of
bottom emission type or top emission type. In the case oftop
emission type, the counter electrode needs to be transparent;
therefore, an ITO electrode or IZO electrode is preferable as
a counter electrode. Further, Ba, Al, WO_ and the like can be
also employed. In the case of top emission type, an organic
buffer layer may be disposed between the organic lumines-
cent layer and counter electrode.

[0129] Meanwhile, in the case of bottom emission type, the
counter electrode is not required to be transparent. Thus,
materials thereof can be selected arbitrarily; examples
include barium (Ba), barium oxide (BaQ), and aluminum
(AD).

[0130] Tt is only necessary to provide a counter electrode
over the electron injection layer or organic luminescent layer
disposed in pixel region. The counter electrode is generally
provided so as to cover multiple coating regions. The counter
electrode is typically formed by vapor deposition. Therefore,
it is not necessarily for the counter electrode to be divided in
segments corresponding to coating regions. More specifi-
cally, when each pixel electrode is independently controlled
on an organic EL device basis like an active matrix panel, the
counter electrode can be shared by multiple coating regions as
TFT devices for driving the organic EL devices are indepen-
dent from each other.

[0131] An electron injection layer made of barium (Ba),
lithium fluoride (LiF) or the like may be provided between the
counter electrode and organic layer.

[0132] An organic EL display panel of the present inven-
tion may be sealed by further providing a cover member (seal
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member) to a side on which a counter electrode is provided.
The cover member prevents the entry of moisture or oxygen.
[0133] According to the present invention, coating regions
have high wettability and flat surface as described above,
which enables to provide an organic EL display panel having
uniform thick organic layers.

2. Manufacturing Method of Organic EL Display
Panel of the Present Invention

[0134] An organic EL display panel of the present inven-
tion may be manufactured with any method as long as the
effect of the present invention is not impaired.

[0135] One example of a preferred manufacturing method
includes:
[0136] 1) a first step of providing a substrate on which a

pixel electrode is arranged (FIG. 3A);

[0137] 2)asecondstep of forming firstand second banks on
the substrate (FIG. 3B);

[0138] 3) a third step of forming a linear organic layer in a
coating region (FIGS. 3C and 3D); and

[0139] 4) afourth step of forming a counter electrode over
the organic layer (FIG. 3E).

[0140] With reference to drawings, a preferred manufactur-
ing method of an active matrix organic EL display panel of the
present invention will be described below.

[0141] 1) FIG. 3A shows the first step. In the first step
substrate 101 on which pixel electrode 103 is arranged is
provided. Substrate 101 may incorporate therein thin film
transistors (driving TFTs). When substrate 101 having thin
film transistors (driving TFTs) is to be prepared (see FIG.
7A), the substrate may be prepared by forming a passivation
film and a planarization film on a surface on which driving
TFTs are provided.

[0142] Pixel electrode 103 is prepared for instance by form-
ing an electrode material film on substrate 101 by sputtering
or the like and patterning the electrode material film by etch-
ing. A hole injection layer made of transition metal oxide may
be formed on pixel electrode 103.

[0143] 2) FIG. 3B shows the second step. In the second step
first bank 105 and second bank 107 are formed on substrate
101. As described above, first bank 105 defines a linear coat-
ing region and second bank 107 defines a pixel region.
[0144] In the present invention, the step of forming first
bank 105 and second bank 107 includes a step of patterning a
resin film and a step of baking the patterned resin. The resin
film may be patterned by photolithography. Alternatively, the
resin film may be patterned by intaglio printing. By patterning
the resin film with intaglio printing or the like, possible dam-
ages to other members (e.g., pixel electrode) could be elimi-
nated. Further, the resin film may be patterned by relief print-
ing.

[0145] The step of patterning a resin film by photolithog-
raphy includes the steps of:

[0146] 1) forming photosensitive resin film A on a substrate
(FIG. 4A);
[0147] 1i) forming photosensitive resin film B on photosen-

sitive resin film A (FIG. 4B); and

[0148] 1ii) exposing photosensitive resin films A and B
through a halftone mask having different degrees of light
transmittance, and developing the exposed photosensitive
resin films A and B (FIGS. 4C and 4D).

[0149] 1) FIG. 4A shows the step i. In the step 1, photosen-
sitive resin film A104 is formed on substrate 101. Photosen-
sitive resin film A104 contains a material of second bank 107.
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The thickness of photosensitive resin film A104 is preferably
0.1-0.5 um. Formation of the photosensitive resin film on
substrate 101 may be achieved by applying a photosensitive
resin composition over substrate 101 by spin coating or the
like and drying the applied coat of photosensitive resin com-
position. Drying conditions are not specifically limited; the
applied photosensitive resin composition may be kept for 2-3
minutes at 80° C. to be dried.

[0150] 1ii) FIG. 4B shows the step ii. In the step ii, photo-
sensitive resin film B106 is formed on photosensitive resin
film A104. Photosensitive resin film B106 contains a material
of first bank 105. The thickness of photosensitive resin film
B106 is preferably 0.5-3 pm. In addition, photosensitive resin
film B106 has different photosensitivity than photosensitive
resin film A104. More specifically, when photosensitive resin
films A104 and B106 are both negative photosensitive resin
films, photosensitive resin film B106 may be made less sen-
sitive than photosensitive resin film A104. On the other hand,
when photosensitive resin films A104 and B106 are both
positive photosensitive resin films, photosensitive resin film
B106 may be made more sensitive than photosensitive resin
film A104.

[0151] 1iii) FIGS. 4C, 4C' and 4D show the step iii. In the
step iii, photosensitive resin films A104 and B106 are exposed
through halftone mask 110 with different degrees of light
transmittance.

[0152] FIG. 4C shows a case where photosensitive resin
films A104 and B106 are both negative photosensitive resin
films. In this case, a region where pixel electrode 103 is to be
exposed is not irradiated; a region corresponding to second
bank 107 is exposed through a halftone mask; and a region
corresponding to first bank 105 is directly exposed without
mask 110.

[0153] At unexposed regions, photosensitive resin films
A104 and B106 never cure and are removed by development
to expose pixel electrode 103 (FIG. 4D). At regions directly
exposed without mask 110, both of photosensitive resin films
A104 and B106 cure and thereby first bank 105 is formed as
a result of development (FIG. 4D). At regions exposed
through a halftone mask, only photosensitive resin film A104
with high sensitivity cures and photosensitive resin film B106
with small sensitivity does not cure (FIG. 4D). As a conse-
quence, photosensitive resin film B106 is removed by devel-
opment to form second bank 107 (FI1G. 4D).

[0154] FIG. 4C' shows a case where photosensitive resin
films A104 and B106 are both positive photosensitive resin
films. In this case, a region where pixel electrode 103 is to be
exposed is directly irradiated without using mask 110; a
region corresponding to second bank 107 is exposed through
a halftone mask; and a region corresponding to first bank 105
is not exposed.

[0155] Since photosensitive resin films A104 and B106
show increased solubility at regions directly exposed without
mask 110, they are both removed by development to expose
pixel electrode 103 (FIG. 4D). At unexposed regions the
photosensitive resin films remain cured. Thus, first bank 105
is formed as a result of development (FIG. 4D). At regions
exposed through a halftone mask, only photosensitive resin
film B106 with high sensitivity shows increased solubility,
and photosensitive resin film A104 with low sensitivity
remains cured. Thus, photosensitive resin film B106 is exclu-
sively removed by development to form second bank 107
(FI1G. 4D).
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[0156] By differentiating sensitivity between photosensi-
tive resin films A and B, and by stacking photosensitive resin
film B containing first bank material onto photosensitive resin
film A containing second bank material, the resin films can be
precisely patterned to form differently shaped first and sec-
ond banks in a single development process.

[0157] As shown in FIGS. 5A to 5D, the step of patterning
a resin film by photolithography may include the steps of:

[0158] 1) forming photosensitive resin film 104' on a sub-
strate (FIG. 5A); and

[0159] 1i) exposing photosensitive resin film 104' through
halftone mask 110 having different degrees of light transmit-
tance, and developing the exposed photosensitive resin film
104 (FIGS. 5B and 5C).

[0160] Unlike the method shown in FIGS. 4A to 4D, one
photosensitive resin film is formed in the method shown in
FIGS. 5A to 5C. This allows simultaneous formation of dif-
ferently shaped first and second banks from one resin mate-
rial. Further, because first bank 105 and second bank 107 are
made of the same resin material in the method shown in FIGS.
5A to 5C, it is preferable to employ fluorine resins as the
material of first bank 105 and second bank 107.

[0161] The patterned resin is then baked to form first and
second banks. In the case where fluorine resin is employed as
the bank material, it is presumed that baking treatment causes
fluorine components of the resin film to migrate toward film
surface. In this way bank with desired surface wettability is
formed. As described above, it is possible to produce a gra-
dient of wettability along the bank height.

[0162] In addition, between the second step and below-
described third step, a hole injection layer may be formed on
a pixel electrode in a region defined by the second bank by
applying therein a solution containing PEDOT-PSS and
water.

[0163] 3)FIGS.3C and 3D shows the third step. In the third
step linear organic layer 109 is formed in a coating region.
Linear organic layer 109 is formed by drying organic material
solution 108 (solution containing an organic material and an
organic solvent such as anisole or cyclobenzene) which has
been applied in a linear coating region defined by first bank
105 by inkjet printing or the like. Since the upper surface of
second bank 107 shows high wettability as described above,
organic material solution 108 can be applied in the coating
region without being repelled by second bank 107. As the
height of second bank 107 from the surface of the underlying
layer of organic layer 109 (pixel electrode or hole injection
layer) is relatively small, the coating region is less rugged and
therefore organic layer 109 with more uniform thickness can
be formed.

[0164] 4) FIG. 3E shows the forth step. In the forth step
counter electrode 111 is formed over organic layer 109.
Counter electrode 111 may be formed by vapor deposition,
sputtering or the like. Prior to formation of counter electrode
111, an electron injection layer may be formed on organic
layer 109 by vapor deposition, sputtering or the like.

[0165] In this way, with a manufacturing method of the
present invention, first and second banks with different wet-
tabilities and shapes can be simultaneously formed. It is thus
possible to manufacture an organic EL display panel having
uniform thick organic layers more easily.
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[0166] Hereinafter, Embodiments of the present invention
will be described with reference to drawings.

Embodiment 1

[0167] InEmbodiment 1, atop emission organic EL display
panel will be described. Note that the organic EL display
panel of Embodiment 1 is an active matrix display panel.
[0168] FIG. 6A is a plan view showing an active matrix
organic EL display panel of Embodiment 1, where illustra-
tions of a counter electrode and organic luminescent layers
are omitted. FIG. 6B is a perspective view showing the
organic EL display panel of FIG. 6A.

[0169] As shown in FIGS. 6A and 6B, in the organic EL
display panel of Embodiment 1, multiple linear banks (first
bank) 105 are disposed on substrate 101. First bank 105
defines coating regions 119, which are classified into three
types: coating region 119R emitting red light; coating region
119G emitting green light; and coating region 119B emitting
blue light. These three different coating regions are alter-
nately arranged. Moreover, second bank 107 which is shorter
in height than first bank 105 is disposed on substrate 101.
Second bank 107 defines multiple pixel regions 120 in each
coating region 119. In this embodiment longitudinal ends of
coating regions 119 are not defined by bank.

[0170] FIG. 7A is an A-A line sectional view of an organic
EL device contained in the organic EL display panel of
Embodiment 1. FIG. 7B is a B-B line sectional view of
organic EL devices, showing sections of two of the organic
EL devices.

[0171] As shown in FIGS. 7A and 7B, the organic EL
device includes substrate 101, pixel electrode 103, hole injec-
tion layer 113, linear electron block layer 115, linear organic
luminescent layer 117, first bank 105, second bank 107, and
counter electrode 111.

[0172] Substrate 101 incorporates therein thin film transis-
tors (TFTs), each of which controls light emission of organic
luminescent layer 117. The TFTs incorporated in substrate
101 each includes gate electrode 131, gate insulation layer
132, source electrode 133, drain electrode 134, semiconduc-
tor layer 135, contact hole 136, and planarization film 137.
Pixel electrode 103 is connected to drain electrode 134 via
contact hole 136.

[0173] Pixel electrode 103 is preferably a reflective pixel
electrode formed of an APC film or the like with a thickness
of 100-200 nm. Counter electrode 111 is preferably an ITO
film.

[0174] Hole injection layer 113 is made of transition metal
oxide such as tungsten oxide. Hole injection layer 113 may be
formed by depositing a transition metal layer by sputtering
and patterning the deposited layer by etching.

[0175] Asshown in FIG. 7B, linear electron block layer 115
is disposed on hole injection layer 113 and second bank 107.
[0176] As shown in FIG. 7B, linear organic luminescent
layer 117 is disposed on linear electron block layer 115.
[0177] First bank 105 defines a region in which electron
block layer 115 and organic luminescent layer 117 are to be
provided (coating region). First bank 105 has a forward
tapered shape. The taper angle 8 of first bank 105 is preferably
20-80°, more preferably 30-45°.

[0178] Second bank 107 defines pixel region 120 as
described above. In this embodiment, height 1074 of second
bank 107 from the surface of hole injection layer 113 is -0.1
um to +0.4 um.



US 2010/0181559 A1

[0179] The wettability at the upper surface of first bank 105
is smaller than the wettability at the upper surface of second
bank 107. More specifically, anisole contact angle at the top
of first bank 105 is 30-60°, and anisole contact angle at the top
of second bank 107 is 5-30°.

[0180] Thus, in the organic EL display panel of Embodi-
ment 1, since the height of second bank from the surface of the
hole injection layer is relatively small, the coating region has
flat surface. Moreover, the upper surface of second bank has
high wettability. Accordingly, with this Embodiment, it is
possible to make uniform the thicknesses of organic layers
(electron block layers) which are formed in coating regions
by coating method.

Embodiment 2

[0181] In Embodiment 1, an example where a hole injec-
tion layer made of transition metal oxide is employed has
been described. In Embodiment 2, an example where a
PEDOT-PSS-containing hole injection layer is employed will
be described.

[0182] An organic EL display panel of Embodiment 2 is
identical to the organic EL display panel of Embodiment 1
except that 1) the hole injection material is PEDOT-PSS and
that 2) the positional relationship between second bank and
hole injection layer is different. Accordingly, the same mem-
bers are given the same reference numerals and descriptions
thereof are not provided.

[0183] FIG. 6A is a plan view showing an active matrix
organic EL display panel of Embodiment 2, where illustra-
tions of a counter electrode and organic luminescent layers
are omitted. FIG. 6B is a perspective view showing the
organic EL display panel of FIG. 6A.

[0184] FIG. 8A is an A-A line sectional view of an organic
EL device contained in the organic EL display panel of
Embodiment 2. FIG. 8B is a B-B line sectional view of
organic EL devices, showing sections of two of the organic
EL devices.

[0185] As shown in FIGS. 8A and 8B, the organic EL
device of Embodiment 2 includes substrate 101, pixel elec-
trode 103, hole injection layer 113', linear electron block
layer 115, linear organic luminescent layer 117, first bank
105, second bank 107, electron injection layer 118, and
counter electrode 111. As described above, Embodiment 2 is
identical to Embodiment 1 except that 1) the hole injection
material is PEDOT-PSS and that 2) the positional relationship
between second bank and hole injection layer is different.
Thus, 1) hole injection layer 113" and 2) second bank will be
described below.

[0186] 1) Hole Injection Layer 113'

[0187] Hole injection layer 113' contains PEDOT-PSS. As
will be described later, hole injection layer 113' is formed by
applying in a region defined by second bank 107 an aqueous
solution containing PEDOT-PSS. In this way, a separate hole
injection layer 113" is disposed by coating method for each
pixel region 120 (organic EL device).

[0188] Herein, hole injection layer 113', which contains
PEDOT-PSS, is formed by coating method as are linear
organic layers (electron block layer 115 and organic lumines-
cent layer 117). Thus, linear hole injection layers 113' may be
formed in coating regions as are organic layers. However, it is
preferable to provide a separate hole injection layer 113" for
each pixel region 120; advantages of this will be described
below with reference to FIG. 9.
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[0189] FIG. 9isa partially enlarged view showing a coating
region of an organic EL display panel. As shown in FIG. 9,
pixel electrode 103 in each organic EL device is 70 um in
width, and the distance between adjacent pixel electrodes
(pixel electrode pitch) is 55 pm. In FIG. 9 hole injection layer
113 is linearly formed so as to cover three organic EL devices
a, b, andc.

[0190] Equation 1 below represents a relationship between
pixel electrode-to-pixel electrode resistance, and specific
resistance of hole injection layer (PEDOT-PSS), pixel elec-
trode pitch and section area of hole injection layer.

R=pL/4 [Equation 1]

[0191] where R is resistance, p is specific resistance of
PEDOT-PSS, L is pixel electrode pitch, and A is section area
of hole injection layer (PEDOT-PSS)

[0192] Assume hole injection layer 113 is 65 nm in thick-
ness, Equation 1 yields an value of resistance R of 1.2x
10°pQ. When a voltage of 6V is applied to organic EL device
b under such a condition, the current density of each of
organic EI device b becomes 10 mA/cm?. Meanwhile, in this
case, a current of 5x107*/p mA flows in organic EL devices a
and ¢ which are arranged next to organic EL device b. At this
time, the current density of organic EL devices a and ¢
becomes 3.3x10%/p mA/cm?.

[0193] A proportional relationship establishes between
current density and contrast. Thus, the contrast between adja-
cent organic FL, devices becomes equal to their current den-
sity ratio. Accordingly, in order to give a contrast 0f 100,000:1
under the above condition, it is required to set the specific
resistance (p) of PEDOT-PSS to 3.3x10° Qem. Thus, when an
hole injection layer is linearly formed so as to cover multiple
organic EL devices, the specific resistance (p) of PEDOT-PSS
needs to be 3.3x10° Qcm or higher in order to establish a
contrast of 100,000:1. This specific resistance value is con-
siderably high compared to those of general hole injection
layers made of PEDOT-PSS: p=10%-10° Qcm.

[0194] Although the specific resistance of a hole injection
layer made of PEDOT-PSS can be generally enhanced by
increasing the polystyrene sulfonate (PSS) doping level, it
leads to shorter lifetime (brightness half-life) of organic EL
devices and may deteriorate the performance of an organic
EL display panel. Accordingly, hole injection layers with
such high specific resistance values may deteriorate the per-
formance of an organic EL display panel.

[0195] On the other hand, when a separate hole injection
layer is disposed for each organic EL device, the contrast
depends on the specific resistance of organic layers (electron
block layer and organic luminescent layer) disposed so as to
cover multiple organic EL devices. For this reason, there is no
need to increase the specific resistance of hole injection lay-
ers. Moreover, as organic layers generally have high specific
resistance, the contrast is not reduced even when organic
layer 1s disposed in such a way as to cover multiple organic
EL devices.

[0196] For the reason stated above, it is preferable to pro-
vide a separate hole injection layer for each pixel region in
order to improve image characteristics of an organic EL dis-
play panel.

[0197] 2) Second Bank 107

[0198] In this embodiment second bank 107 serves as a
barrier wall which defines pixel region 120 in coating region
119, to define a region in which hole injection layer 113'
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formed by coating method is to be disposed. The upper sur-
face of second bank 107 has higher wettability than the upper
surface of first bank 105.

[0199] Since second bank 107 defines a region for hole
injection layer 113' to be formed by coating method as
described above, the upper surface of second bank 107 is
required to be lyophobic to a material solution of hole injec-
tion layer 113' (PEDOT-PSS-containing aqueous solution).
Because the aqueous solution has relatively high surface ten-
sion, the region can be defined even by second bank having
high wettability.

[0200] As alinear organic layer (electron block layer 115)
is formed on second bank 107 by coating method, the upper
surface of second bank 107 is, on the other hand, required to
be lyophilic to a material solution of electron block layer 115
(solution containing a material of electron block layer 115
and an organic solvent such as anisole).

[0201] More specifically, at the upper surface of second
bank 107, anisole contact angle is 5-30° and water contact
angle is 30-90°. When the wettability of second bank 107
exceeds this range, the material solution of hole injection
layer 113' cannot be defined. When the wettability is below
this range, the material solution of electron block layer 115 is
repelled by second bank 107, resulting in failure to form a
uniform thick electron block layer.

[0202] Inthisembodiment, height 1077 of second bank 107
from the surface of pixel electrode 103 is 0.1-0.5 um.

[0203] A manufacturing method of an organic EL display
panel of Embodiment 2 will be described below with refer-
ence to FIGS. 10A to 10G.

[0204] A manufacturing method of an organic EL display
panel of Embodiment 2 includes:

[0205] 1)afirst step of providing substrate 101 (FIG. 10A);
[0206] 2)asecond step of arranging pixel electrode 103 on
substrate 101 (FIG. 10B);

[0207] 3) a third step of forming linear first bank 105 for
defining a coating region, and second 107 for defining a pixel
region (FIG. 10C);

[0208] 4) a fourth step of forming a hole injection layer in
the pixel region defined by second bank 107 (FIG. 10D);
[0209] 5)afifth step of forming alinear electron block layer
in the linear coating region defined by first bank 105 (FIG.
10E);

[0210] 6) a sixth step of forming an organic luminescent
layer on the electron block layer in the coating region (FIG.
10F); and

[0211] 7)aseventh step of forming a counter electrode over
the organic luminescent layer (FIG. 10G). Each step will be
described below.

[0212] In the first step, substrate 101 is provided.

[0213] In the second step, pixel electrode 103 is arranged
on substrate 101.

[0214] In the third step, linear first bank 105 for defining
coating region 119 and second bank 107 for defining pixel
region 120 are formed.

[0215] In the forth step, hole injection layer 113" is formed
in pixel region 120 defined by second bank 107. Hole injec-
tion layer 113' is formed by drying a material solution of hole
injection layer 113' (ink containing PEDOT-PSS and water),
which has been applied by inkjet printing or the like onto
pixel electrode 103 provided in pixel region 120 defined by
second bank 107.

[0216] In the fifth step, linear electron block layer 115 is
formed in linear coating region 119 defined by first bank 105.
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Electron block layer 115 is formed by drying a material
solution of electron block layer 115, which has been applied
by inkjet printing or the like in linear coating region 119
defined by first bank 105. As second bank 107 is lyophilic to
organic solvents as described above, the material solution of
electron block layer 115 can be applied in coating region 119
without being repelled by second bank 107.

[0217] In the sixth step, linear organic luminescent layer
117 is formed on electron block layer 115 in coating region
119. Organic luminescent layer 117 is formed by drving a
material solution of organic luminescent layer 117, which has
been applied by inkjet printing or the like onto electron block
layer 115 in coating region 119.

[0218] Inthe seventh step, counter electrode 111 is formed
over organic luminescent layer 117. Prior to formation of
counter electrode 111, electron injection layer 118 may be
formed on organic luminescent layer 117 by vapor deposi-
tion, sputtering or the like.

[0219] As the wettability of second bank is appropriately
adjusted in this embodiment as described above, it is possible
to form a separate PEDOT-PSS containing hole injection
layer for each pixel region and to form thereon a linear elec-
tron block layerand a linear organic luminescent layer. There-
fore, it is made possible to provide a high-contrast, long-
lifetime organic EL display panel with no pixel-to-pixel
crosstalk.

Embodiment 3

[0220] In Embodiments 1 and 2, examples where longitu-
dinal ends of coating regions are not defined have been
described. In this embodiment, an example where longitudi-
nal ends of coating regions are also defined by first bank is
described. Moreover, Embodiments 1 and 3 provided
descriptions of an embodiment where a second bank is dis-
posed between a pixel region and a first bank (see FIGS. 6A
and 6B), Embodiment 3 provides descriptions of an embodi-
ment where a second bank is not disposed between a pixel
region and a first bank.

[0221] An organic EL display panel of this Embodiment is
identical to that of Embodiment 1 except that the former
includes first bank 105' for defining an end of a coating region
and that the former does not include second bank 107 between
pixel region 120 and first bank 105. Accordingly, the same
members are given the same reference numerals and descrip-
tions thereof are not provided.

[0222] FIG. 11A is a plan view showing an active matrix
organic EL display panel of this Embodiment, where illustra-
tions of a counter electrode and organic layers are omitted. As
shown in FIG. 11 A, first banks 105 and 105' define more than
one linear coating regions 119. In this embodiment, longitu-
dinal ends of coating region 119 are defined by first banks
105" as shown in FIG. 11A. The height of first bank 105' may
be equal to the height of first bank 105. In addition, in contrast
to Embodiments 1 and 2 (see FIGS. 6A and 6B), in this
embodiment, no second bank 107 is disposed between pixel
region 120 and first bank 105; second banks are disposed only
between pixel regions 120.

[0223] FIG. 11B is an A-A line sectional view showing an
organic EL device contained in the organic EL display panel
of this Embodiment shown in FIG. 11A. As shown in FIG.
11B, in the A-A line sectional view of an organic EL device,
no second bank is provided and pixel region 120 extends to
the edges of first bank 105.
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[0224] Coating region 119 in which an organic luminescent
material solution is to be applied is completely sealed by first
banks 105'. This prevents unwanted entry of an organic lumi-
nescent material solution applied in one coating region into
other adjacent coating regions. For example, an organic lumi-
nescent material solution to be applied in coating region 119G
is prevented from entering adjacent coating region 119B.
With this configuration, it is possible to provide an organic EL
display panel of higher quality.

[0225] In addition, by eliminating second banks between
first bank pixel regions, it is possible to widen the pixel
regions for increased aperture ratio. Thus, it is possible to
provide an organic EL display panel with high aperture ratio.

EXAMPLES

[0226] Hereinafter, an organic EL display panel of the
present invention will be described with reference to Example
and Comparative Example, which however shall not be con-
strued as limiting the scope of the invention thereto.

[0227] The following experiment was conducted to dem-
onstrate that the thickness of'an organic layer in an organic EL
display panel of the present invention is uniform.

[0228] An APC film with a thickness of 100-200 nm was
deposited onto a 6-inch diameter glass substrate by sputtering
and patterned by etching using a resist as a mask, to form
reflective pixel electrodes.

[0229] Thereafter, a photosensitive acrylic resin film
(thickness: 1.0 pm) containing fluorine compound was
applied over the glass substrate provided with the reflective
pixel electrodes. The film was then exposed through a half-
tone mask and patterned to define first bank (height: 1.0 pm)
and second bank (height: 0.1-0.3 pm), followed by baking
treatment (220° C., 1 hr) to finish first and second banks.
[0230] By inkjet printing, an ink containing PEDOT-PSS
was applied onto the reflective pixel electrode in the pixel
region defined by the second bank, and dried to form hole
injection layer (thickness: 50-100 nm).

[0231] By inkjet printing, a material solution of electron
block layer which contains a polyaniline derivative and ani-
sole is applied in the coating region defined by the first bank,
and dried and baked to form electron block layer (thickness:
20-50nm). And finally, by inkjet printing, material solution of
organic luminescent layer which contains a polyfluorene
derivative and anisole is applied onto the electron block layer,
and dried and baked to form organic luminescent layer (thick-
ness: 50-150 nm). In this way, a model of an organic EL
display panel of the present invention was fabricated.

[0232] In this embodiment, electron injection layer and a
counter electrode were not fabricated. Thus, a sectional view
ofan organic EL device ofthe organic EL display panel ofthis
embodiment is as shown in FIG. 12.

[0233] A film thickness distribution of an organic lumines-
cent layer of one organic EL device in the organic EL display
panel model fabricated as described above was measured
along the length of coating region (in a direction of the arrow
X shown in FIG. 6A). The measurement of film thickness
distribution was conducted using P-15 stylus profilometer
(KLA-Tencor Corporation).

[0234] FIG. 13 is a graph showing the result of the film
thickness distribution measurement conducted in Example.
In this graph the longitudinal axis represents the thickness of
organic luminescent layer, the horizontal axis represents
measurement position, and “A” represents the thickness of
coating region in the X direction.
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[0235] Inthis embodiment, thicknesses of the organic lumi-
nescent layer in the coating region varied within +3%.

Comparative Example

[0236] A model of an organic EL display panel of Com-
parative Example was fabricated in the same manner as in
Example except that the height of the second bank was made
equal to the height of the first bank (1.0 um). Namely, in
Comparative Example, each pixel region is surrounded on all
four sides by banks which are of equal height. Moreover,
while a separate hole injection layer is provide for each
organic EL device and linear electron block layer and linear
organic luminescent layer are formed in Example, in Com-
parative Example, hole injection layer, electron block layer
and organic luminescent layer are all provided on an organic
EL device basis.

[0237] Theorganic EL display panel model of Comparative
Example includes only bank 17 for defining pixel regions as
shown in FIG. 14. A section of an organic EL device, cut
along A-A' line in FIG. 14, has a structure like that shown in
FIG. 15.

[0238] A film thickness distribution of an organic lumines-
cent layer of one organic EL. device in the organic EL display
panel model fabricated as described above was measured
along the length of coating region (in a direction of the arrow
X shown in FIG. 14). Measurement conditions and measure-
ment instrument are the same as those in Example.

[0239] FIG. 16 is a graph showing the result of the film
thickness distribution measurement conducted in Compara-
tive Example. In Comparative Example, thicknesses of the
organic luminescent layer in the coating region varied within
+31%.

[0240] The results set forth above suggest that thickness
uniformity of organic luminescent layer can be remarkably
improved by linearly forming electron block layer and
organic luminescent layer, thereby making it possible to pro-
vide an organic EL display panel having excellent image
characteristics in which brightness variations are small.
[0241] The present application claims the priority of Japa-
nese Patent Application No. 2008-149388 filed on Jun. 6,
2008, the entire contents of which are herein incorporated by
reference.

INDUSTRIAL APPLICABILITY

[0242] The present invention can provide an organic EL
display panel having excellent image characteristics.

EXPLANATION OF REFERENCE NUMERALS

[0243] 1: glass substrate

[0244] 2: first electrode layer

[0245] 3: second bank

[0246] 4: first bank

[0247] 5: hole injection layer

[0248] 6: organic luminescent layer
[0249] 30: pixel region

[0250] 40: linear region

[0251] 17: bank

[0252] 101: substrate

[0253] 103: pixel electrode

[0254] 104: photosensitive resin film A
[0255] 105, 105" first bank

[0256] 106: photosensitive resin film B
[0257] 107 second bank
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[0258] 109: organic layer

[0259] 111: counter electrode

[0260] 113, 113" hole injection layer
[0261] 110: halftone mask

[0262] 115: electron block layer
[0263] 117: organic luminescent layer
[0264] 118: electron injection layer
[0265] 119: coating region

[0266] 120: pixel region

[0267] 131: gate electrode

[0268] 132: gate insulation film
[0269] 133: source electrode

[0270] 134: drain electrode

[0271] 135: semiconductor layer
[0272] 136: contact hole

1-14. (canceled)

15. An organic EL display panel comprising:

a substrate;

alinear first bank which is disposed over the substrate and

defines a linear region;

a second bank which defines two or more pixel regions

arranged in the linear region;

a pixel electrode disposed in the pixel region;

a linear organic layer which is formed by coating method

over the pixel electrode and second bank; and

a counter electrode disposed over the organic layer,

wherein

the first bank is larger in height than the second bank,

amaterial of the first bank and the second bank is a fluorine

resin, and

the fluorine concentration at the top of the first bank is 4 to

10atom % and the fluorine concentration at the top of the
second bank is 0 to 4 atom %.

16. The organic EL display panel according to claim 15,
wherein the height of the first bank from a surface of the
substrate is 0.5-3 um.

17. The organic EL display panel according to claim 15,
wherein a bottom surface of the organic layer contacts the
pixel electrode, and the height of the second bank from a
surface of the pixel electrode is =0.1 pm to +0.4 pm.

18. The organic EL display panel according to claim 15,
further comprising a separate hole injection layer disposed on
the pixel electrode in each of the pixel regions, wherein

a bottom surface of the organic layer contacts the hole

injection layer.

19. The organic EL display panel according to claim 18,
wherein the hole injection layer contains a transition metal
oxide, and the height of the second bank from a surface of the
hole injection layer is =0.1 pm to +0.4 pm.
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20. The organic EL display panel according to claim 18,
wherein the hole injection layer contains polyethylenediox-
ythiophene, and the height of the second bank from a surface
of the pixel electrode is 0.1-0.5 pm.

21. The organic EL display panel according to claim 15,
wherein the first bank has a gradient of fluorine concentration
along the height thereof, and the fluorine concentration is
higher at the top than at the bottom surface thereof.

22. A method of manufacturing an organic EL display
panel comprising:

providing a substrate on which a pixel electrode is

arranged,
forming a linear first bank which defines a linear region,
and a second bank which defines two or more pixel
regions arranged in the linear region over the substrate;

applying a material solution containing an organic EL
material in the linear region to form a linear organic
layer; and

forming a counter electrode over the organic layer, wherein

the first bank is larger in height than the second bank, a

material of the first bank and the second bank is a fluo-
rine resin, and

the fluorine concentration at the top of the first bank is 4 to

10 atom % and the fluorine concentration at the top of the
second bank is 0 to 4 atom %.

23. The method according claim 22, wherein the step of
forming the first and second banks includes:

patterning a resin film on the substrate; and

baking the patterned resin film.

24. The method according to claim 23, wherein the step of
patterning the resin film includes:

forming on the substrate photosensitive resin film A con-

taining a material of the second bank;

forming on the photosensitive resin film A photosensitive

resin film B which contains a material of the first bank
and has different sensitivity than the photosensitive resin
film A; and

exposing the photosensitive resin films A and B through a

mask having different degrees of light transmittance,
and developing the exposed photosensitive resin films A
and B.

25. The method according to claim 23, wherein the step of
patterning the resin film includes:

forming on the substrate a photosensitive resin film con-

taining a fluorine compound; and

exposing the photosensitive resin film through a halftone

mask having different degrees of light transmittance,
and developing the exposed photosensitive resin film.
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