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An organic EL display includes a substrate on which pixel
areas are arranged in a matrix; first and second electrodes;
functional material layers each including a carrier transport
layer and a non-carrier transport layer; and a barrier to define
the pixel areas. The barrier includes communication recesses
arranged to extend the non-carrier transport layers from
respective first pixel areas to respective second pixel areas
adjacent to each other in the pixel areas defined by the barrier.




Patent Application Publication Aug. 5,2010 Sheet1 of 12 US 2010/0194269 Al

10 FIG. 1
[ 13 13




Patent Application Publication Aug. 5,2010 Sheet 2 of 12 US 2010/0194269 Al

FIG. 2




Patent Application Publication Aug. 5,2010 Sheet 3 of 12 US 2010/0194269 Al

F1G. 4

13 \

20~

&

20~

s ¢

20~




Patent Application Publication Aug. 5,2010 Sheet 4 of 12 US 2010/0194269 Al

30 ~ FIG. 5

36D |BeD ]3>

34354 h34CD 354 h34C 35+




Patent Application Publication Aug. 5,2010 Sheet 5 of 12 US 2010/0194269 Al

Ao

------

.w
0 i i 0™

l:‘i’:’:':':':':':'f*:‘:':':':':':':':‘:':':':‘:':':':':‘:':':':':'l:?i:':':':'.'i'[
{ 7\
’ ( 5 16




Patent Application Publication Aug. 5,2010 Sheet 6 of 12 US 2010/0194269 Al

F1G. 7
533

34 3b



Patent Application Publication Aug. 5,2010 Sheet 7 of 12 US 2010/0194269 Al

34 3o



Patent Application Publication Aug. 5,2010 Sheet 8 of 12 US 2010/0194269 Al

FIG. 9
533

34 35



Patent Application Publication Aug. 5,2010 Sheet 9 of 12 US 2010/0194269 Al

FIG. 10
.

34 30



Patent Application Publication

100

Aug. 5,2010 Sheet 10 of 12

FI1G. 11

102

102

US 2010/0194269 A1




Patent Application Publication Aug. 5,2010 Sheet 11 of 12 US 2010/0194269 Al

FIG. 12

116 121 116




Patent Application Publication Aug. 5,2010 Sheet 12 of 12 US 2010/0194269 Al

FIG. 14
116 116




US 2010/0194269 Al

ORGANIC EL DISPLAY AND
MANUFACTURING METHOD THEREOF

TECHNICAL FIELD

[0001] The present disclosure relates to organic EL dis-
plays and manufacturing methods thereof.

BACKGROUND ART

[0002] In recent years, liquid crystal displays have been
frequently used as flat-panel displays in a wide variety of
fields. However, liquid crystal displays, in which contrast and
color significantly vary depending on the viewing angles and
which need a backlight as a light source, still have critical
problems, such as the difficulty in reducing power consump-
tion and the limits in reducing thickness and weight. There-
fore, self-luminous displays using, e.g., organic electrolumi-
nescence (hereinafter referred to as “organic EL”) have
recently been expected to be substitutes for liquid crystal
displays. In an organic EL device, upon passage of a current
through an organic EL layer sandwiched between positive
and negative electrodes, organic molecules in the organic EL.
layer emit light. Organic EL displays using organic EL
devices are self-luminous, and thus have advantages in
achieving smaller thickness, lighter weight, and lower power
consumption. In addition, organic EL displays using organic
EL devices have wide viewing angles, and therefore, are
drawing considerable attention as probable next-generation
flat-panel displays. Such organic EL displays, making use of
their small thickness and wide viewing angles, are actually
finding increasing practical application as displays for por-
table music devices and cellular phones.

[0003] Ingeneral, organic EL devices are manufactured by
different methods depending on the type of functional mate-
rial used therein. For example, when high molecular weight
organic compounds are used as a functional material, the
functional material is formed into a film by a wet method,
such as a spin coating process, a screen deposition process, or
an inkjet system. When low molecular weight organic com-
pounds are used as the functional material, a dry method, such
as a vacuum evaporation process or a sputtering process, is
often used to form a film from the functional material.
[0004] Among the film forming techniques mentioned
above, the inkjet system has excellent advantages; for
example, the inkjet system in general allows more efficient
use of film-forming material than the other methods, enables
patterning without the need for a mask, and is readily appli-
cable to manufacture of large-area organic EL displays.
Therefore, manufacturing of organic EL. devices using the
inkjet system has been studied actively.

[0005] For example, Patent Document 1 describes the use
of an inkjet type recording head in manufacturing an organic
EL device that includes, between electrodes, hole injection
transport layers containing conductive molecules and light
emitting layers containing luminescent organic molecules.
The inkjet type recording head is used to form the hole injec-
tion transport layers and the light emitting layers.

[0006] Inthe inkjet system, a barrier (a bank) for retaining
discharged droplets within pixel areas is typically formed.
This bank often has liquid repellency to prevent discharged
droplets from leaking out into adjacent pixel areas. For
example, Patent Document 2 discloses a method in which the
non-affinity (liquid repellency) of a bank is increased as com-
pared with electrode surfaces within pixel areas by perform-
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ing plasma processing using a gas containing fluorine com-
pounds or the like, thereby confining droplets within the pixel
areas. Without such plasma processing performed in Patent
Document 2, it is also possible to render a bank repellent to
droplets by forming the bank using a material containing
fluorine compounds, for example. Furthermore, if the pixel
areas located inside the bank are rendered lyophilic by UV
processing or by plasma processing using an oxygen gas or
the like, the difference in affinity for droplets between the
bank and the inside of the pixel areas will increase, allowing
more reliable retention of droplets within the pixel areas.
[0007] Patent Document 3 describes that if hole transport
layers, electron transport layers, and negative electrodes are
formed so as to extend through multiple pixels, it is possible
to eliminate the need for the process step of etching back the
hole transport layers and the electron transport layers, and the
process step of forming a barrier. Patent Document 3 also
describes that light emitting layers, formed in the same shape
as, but larger than, positive electrodes, can prevent leakage
current and concentration of electric field occurring in the
edges of the positive electrodes. In Patent Document 3, it is
assumed that the hole transport layers and the electron trans-
port layers have high resistance, and based on this assump-
tion, short-circuits between the positive and negative elec-
trodes are prevented.

CITATION LIST
Patent Document

[0008] PATENT DOCUMENT 1: Japanese Laid-Open
Publication No. 2000-106278

[0009] PATENT DOCUMENT 2: Japanese Patent Publica-
tion No. 374360

[0010] PATENT DOCUMENT 3: Japanese Laid-Open
Publication No. 2004-6362

SUMMARY OF THE INVENTION
Technical Problem

[0011] Carrier transport layers in an organic EL device
typically have lower resistance and higher conductivity than
light emitting layers so that a sufficient electric field is applied
to the light emitting layers. In some cases, to prevent carriers
from passing through the light emitting layers without con-
tributing to light emission, a functional material layer, called
a carrier blocking layer, which confines carriers within the
light emitting layers, is formed between the carrier transport
layers and the light emitting layers. However, such carrier
blocking layers typically have low conductivity, and there-
fore, are often formed much thinner than the light emitting
layers.

[0012] Now, it is assumed that, using an inkjet system, a
hole transport layer, a light emitting layer, and a negative
electrode are applied and stacked in that order on a pixel
surrounded by a bank. Droplets containing a functional mate-
rial for forming the hole transport layer are discharged inside
the bank, and then dried and heated to remove the solvent,
thereby forming the hole transport layer in the pixel. The next
step is to discharge droplets containing a functional material
for forming the light emitting layer on that layer. In this step,
if the lyophilic property of the hole transport layer with
respect to the light emitting layer formed thereon is insuffi-
cient, or if the droplets for forming the light emitting layer
have excessively high surface tension, or even if neither of
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these is the case, depending on the shape of the bank, the
droplets may not be retained inside the bank in such a manner
as to completely cover the hole transport layer and the posi-
tive electrode. In that case, the light emitting layer formed
through drying and heating processes also does not com-
pletely cover the hole transport layer and the positive elec-
trode, causing the hole transport layer to be partially exposed.
In this state, if a negative electrode is formed on those layers
by a vacuum evaporation process or the like, then the exposed
areas of the hole transport layer and positive electrode will
make direct contact with the negative electrode without inter-
position of the light emitting layer. These contact areas do not
contribute to light emission when current is passed through
each pixel of the organic EL device for light emission. In
addition, in those contact areas, current loss causes a decrease
in intensity, and leakage current causes generation of heat, an
increase in power consumption, etc., resulting in a serious
problem in power efficiency and in device lifetime. There-
fore, it is necessary that the light emitting layer completely
cover the hole transport layer and the positive electrode. To
completely cover the hole transport layer and the positive
electrode with the light emitting layer, the amount of droplet
for forming the light emitting layer could be possibly
increased. However, if an excessive amount of droplet is
discharged in the pixel, the droplet might go over the bank to
flow out into unintended adjacent pixels. Moreover, such an
excessive amount of droplet also causes a problem in that a
desired thickness cannot be achieved.

[0013] In a case where the hole transport layer is not used,
and an electron transport layer is stacked on the light emitting
layer instead, the result is the same. If the positive electrode is
not completely covered with the light emitting layer, and is
partially exposed, the electron transport layer makes direct
contact with the positive electrode without interposition of
the light emitting layer. As a result, in the contact areas,
current loss causes a decrease in intensity, and leakage current
causes generation of heat and an increase in power consump-
tion, because the electron transport layer has lower resistance
than the light emitting layer.

[0014] Also, ina case where the hole transport layer and the
electrode transport layer are both used, the above-described
problems also occur due to contact made, without interposi-
tion of the light emitting layer, between the positive and
negative electrodes, between the hole transport layer and the
electron transport layer, between the hole transport layer and
the negative electrode, and between the electron transport
layer and the positive electrode.

[0015] In the case of the materials used by the present
inventors, hole transport layers and electron transport layers
have lower resistance than light emitting layers. With such
materials, it is not possible to prevent short-circuits between
the positive and negative electrodes in the structure of Patent
Document 3. In addition, as set forth above, it is desired that
a voltage drop in carrier transport layers be as small as pos-
sible, that is, the resistance of the carrier transport layers be
minimized, in order to apply a sufficient electric field to the
light emitting layers.

[0016] A barrier is provided in Patent Document 3 in order
to insulate between the positive and negative electrodes, and
to prevent light emitting layers of different colors in adjacent
pixels from mixing with each other to thereby cause a reduc-
tion in color purity. Therefore, it is difficult to eliminate the
need for the process step of forming the barrier that is pro-
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vided to retain droplets in respective pixel areas in a coating
method, such as an inkjet system, for example.

Solution to the Problem

[0017] The present disclosure has been made in view of the
above problems, and an object of the present disclosure is to
provide an organic EL display capable of high quality display,
in which leakage between electrodes is suppressed without
adding any manufacturing process steps, and to provide a
manufacturing method thereof.

[0018] An organic EL display according to the present dis-
closure includes a substrate on which pixel areas are arranged
in a matrix. First electrodes, second electrodes, functional
material layers, and a barrier for defining the pixel areas are
formed over the substrate. The functional material layers are
provided in the respective pixel areas between the first and
second electrodes, and each include a carrier transport layer
and a non-carrier transport layer. The barrier is formed with
communication recesses for extending the non-carrier trans-
port layers from respective first pixel areas to respective sec-
ond pixel areas, each first pixel area and each second pixel
area being adjacent to each other in the pixel areas defined by
the barrier. Here, the aforementioned term “carrier transport
layers” means functional material layers functioning to trans-
port carriers (holes or electrons), and generally means layers
having a conductivity of 107° S/cm or higher with respect to
either holes or electrons during application of an electric field
of 10*V/cm at room temperature. Also, the term “non-carrier
transport layers” mentioned above means functional material
layers other than the carrier transport layers and including
light emitting layers and carrier blocking layers, and gener-
ally means layers having a conductivity lower than 10~° S/cm
during application of an electric field of 10*V/cm at room
temperature.

[0019] Advantages of this structure will be discussed by
making comparisons with a conventional one. FIG. 11 is a
plan view of a substrate 101 with a pixel area 102 formed
thereon in the structure of a conventional organic EL display
100. FIG. 12 is a cross-sectional view taken along the line
A"-A" of FIG. 11. FIGS. 13 to 15 show process steps for
stacking layers. FIG. 16 shows a cross-sectional view taken
along the line B"-B" of FIG. 11. In the structure of the con-
ventional organic EL display 100, droplets 110 containing a
hole transporting material are applied on a positive electrode
112 by an inkjet system, for example, as shown in FIG. 13,
and are then dried and baked, thereby forming a hole transport
layer 113 shown in FIG. 14. Thereafter, droplets 115 for
forming a light emitting layer 114 are similarly applied by an
inkjet system. In this process step, if the hole transport layer
113 does not have sufficient wettability with respect to the
droplets 115 thereon, and thus does not allow the droplets 115
to sufficiently spread over, then the droplets 115 shrink due to
the surface tension. Consequently, the droplet 115 accumu-
lating in the central part of the pixel area 102 as shown in FIG.
15 is retained, causing part of a barrier 116 formed on a SiO,
layer 117 on the substrate 101 to be kept from contact with the
droplet 115. After drying and baking processes, the light
emitting layer 114 sufficiently covers the hole transport layer
113 in the width direction of the pixel area 102 (the row
direction R in FIG. 11) as shown in FIG. 16, however, in the
length direction (the column direction C in FIG. 11), exposed
part of the hole transport layer 113 remains as shown in FIG.
12. If a negative electrode 121 is formed in this state, or is
formed after stacking an electron transport layer on the hole
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transport layer 113, the hole transport layer 113 makes con-
tact with the negative electrode 121 or the electron transport
layer without interposition of the light emitting layer 114. As
aresult, in those contact areas, as in the areas surrounded with
the dashed circles 120 in FIG. 12 where the hole transport
layer 113 is in direct contact with the negative electrode 121,
leakage current that does not contribute to light emission
causes current loss and generation of heat.

[0020] On the other hand, in the organic EL display accord-
ing to the present disclosure, the first and second electrodes,
the functional material layers, and the barrier for defining the
pixel areas are formed. The functional material layers are
provided in the respective pixel areas between the first and
second electrodes, and each include a carrier transport layer
and a non-carrier transport layer. The barrier is formed with
communication recesses for extending the non-carrier trans-
port layers from respective first pixel areas to respective sec-
ond pixel areas, each first pixel area and each second pixel
area being adjacent to each other in the pixel areas defined by
the barrier. This structure suppresses droplet accumulation
occurring in the conventional structure in which the droplets
for forming the non-carrier transport layers accumulate in the
respective central parts of the pixel areas. Accordingly, this
structure prevents contact between the carrier transport lay-
ers, and contact between the hole transport layers (carrier
transport layers) and the negative electrodes, between the
electron transport layers (carrier transport layers) and the
positive electrodes, and between the positive and negative
electrodes from being made without interposition of the non-
carrier transport layers using a low-conductivity organic layer
or the like. Consequently, leakage current occurring in the
conventional structure is suppressed. Furthermore, since the
carrier transport layers are confined within the respective
pixel areas, the barrier between adjacent pixel areas is used
effectively. Specifically, depending on several factors, such as
the droplet retention capability of the barrier, whether or not
to apply droplets on the communication recesses formed
between adjacent pixel areas, and control of the amount of
droplet to be applied, it becomes possible to form the carrier
transport layers in the separate pixel areas, and to extend at
least one type of non-carrier transport layer through adjacent
pixel areas. In addition, the barrier produces other effects;
even if droplets for forming other non-carrier transport layers
join together between adjacent pixel areas, the barrier retains
such droplets within the respective pixel areas by preventing
those droplets from flowing into the adjacent pixel areas to
cause uneven distribution.

[0021] In the organic EL display according to the present
disclosure, the barrier may include pixel area defining
recesses which define the pixel areas; and the communication
recesses may be formed so as to extend continuously from the
pixel area defining recesses of the barrier and to have a nar-
rower width than the pixel area defining recesses.

[0022] In this structure, the barrier includes the pixel area
defining recesses which define the pixel areas, and the com-
munication recesses are formed so as to extend continuously
from the pixel area defining recesses of the barrier and to have
a narrower width than the pixel area defining recesses. There-
fore, the communication recesses allow the non-carrier trans-
port layers to extend through adjacent pixel areas. On the
other hand, since the communication recesses have a nar-
rower width than the pixel area defining recesses, it is possible
to prevent the carrier transport layers from extending, and
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their droplets from flowing, into adjacent pixel areas, thereby
enabling the formation of the carrier transport layers in the
separate pixel areas.

[0023] Furthermore, in the organic EL display according to
the present disclosure, the barrier may include first linear
portions and second linear portions each provided continu-
ously in a column or row direction of the pixel areas so that
each of the pixel areas arranged in a matrix on the substrate is
sandwiched between respective ones of the first linear por-
tions and the second linear portions, and island-shaped por-
tions each provided between respective ones of the first linear
portions and the second linear portions and between respec-
tive ones of the first pixel areas and the second pixel areas.
Each communication recess may include spaces formed
between respective ones of the first linear portions and the
second linear portions and one of the island-shaped portions
provided therebetween.

[0024] In this structure, the barrier includes the first linear
portions and the second linear portions each provided con-
tinuously in the column or row direction of the pixel areas,
and island-shaped portions each provided between respective
ones of the first pixel areas and the second pixel areas. Also,
each communication recess includes spaces formed between
respective ones of the first linear portions and the second
linear portions and one of the island-shaped portions pro-
vided therebetween. Therefore, the communication recesses
allow the non-carrier transport layers to extend through adja-
cent pixel areas. On the other hand, since the communication
recesses have a narrower width than the pixel areas (whose
width is equal to the distance between the first and second
linear portions), it is possible to prevent the carrier transport
layers from extending, and their droplets from flowing, into
adjacent pixel areas, thus enabling the formation of the carrier
transport layers in the separate pixel areas.

[0025] Also, in the organic EL. display according to the
present disclosure, the island-shaped portions may be pro-
vided in such a manner that two or more of those island-
shaped portions are located in parallel with each other in the
column and/or row direction of the pixel areas.

[0026] Inthis structure, the island-shaped portions are pro-
vided in such a manner that two or more of those island-
shaped portions are located in parallel with each other in the
column and/or row direction of the pixel areas. This prevents
the carrier transport layers from extending, and their droplets
from flowing, into adjacent pixel areas in a more favorable
manner, thus enabling the carrier transport layers to be
formed in the separate pixel areas more effectively.

[0027] Moreover, in the organic EL display according to
the present disclosure, a total width of each communication
recess may be greater than one-sixth of, but smaller than
five-sixths of, a width of each pixel area defined by the barrier.
[0028] In this structure, the total width of each communi-
cation recess is greater than one-sixth of, but smaller than
five-sixths of, the width of each pixel area defined by the
barrier. This makes it easier to prevent the carrier transport
layers from extending, and their droplets from flowing, into
adjacent pixel areas, and thus facilitates the formation of the
carrier transport layers in the separate pixel areas. This also
makes it easier to extend at least one type of non-carrier
transport layer using another organic layer through adjacent
pixel areas.

[0029] If the total width of each communication recess is
not within the above range, such a width will increase the
possibility of failure to form the carrier transport layers in the
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separate pixel areas, or conversely, the possibility that no
layers can be extended through adjacent pixel areas.

[0030] Also, in the organic EL display according to the
present disclosure, each carrier transport layer and each non-
carrier transport layer may include a plurality of layers; at
least one of the layers of each carrier transport layer may be
separated between the respective first pixel area and the
respective second pixel area adjacent to each other; and at
least one of the layers of each non-carrier transport layer may
extend from the respective first pixel area to the respective
second pixel area adjacent to each other.

[0031] In this structure, at least one of the layers of each
carrier transport layer is separated between the respective first
pixel area and the respective second pixel area adjacent to
each other, and at least one of the layers of each non-carrier
transport layer extends from the respective first pixel area to
the respective second pixel area adjacent to each other. There-
fore, contact between the carrier transport layers, and contact
between the hole transport layers (carrier transport layers)
and the negative electrodes and between the electron trans-
port layers (carrier transport layers) and the positive elec-
trodes are not made without interposition of the non-carrier
transport layers using a low-conductivity organic layer or the
like. Accordingly, leakage current occurring in the conven-
tional structure is suppressed.

[0032] Furthermore, in the organic EL display according to
the present disclosure, each non-carrier transport layer may
include a plurality of layers; and all of the layers of each
non-carrier transport layer may extend from the respective
first pixel area to the respective second pixel area adjacent to
each other.

[0033] In this structure, all of the layers of each non-carrier
transport layer extend from the respective first pixel area to
the respective second pixel area adjacent to each other. There-
fore, droplet accumulation in the respective central parts of
the pixel areas, occurring in the conventional structure as
shown in FIG. 15, is suppressed in each layer. This prevents
contact between the carrier transport layers, and contact
between the hole transport layers (carrier transport layers)
and the negative electrodes and between the electron trans-
port layers (carrier transport layers) and the positive elec-
trodes from being made without interposition of the non-
carrier transport layers using a low-conductivity organic layer
or the like. Hence, leakage current occurring in the conven-
tional structure is suppressed more favorably.

[0034] Moreover, in the organic EL display according to
the present disclosure, each carrier transport layer may
include a plurality of layers; and all of the layers of each
carrier transport layer may be separated between the respec-
tive first pixel area and the respective second pixel area adja-
cent to each other.

[0035] In this structure, all of the layers of each carrier
transport layer are separated between the respective first pixel
area and the respective second pixel area adjacent to each
other. This suppresses contact between the hole transport
layers (carrier transport layers) and the negative electrodes
and between the electron transport layers (carrier transport
layers) and the positive electrodes more favorably, thereby
suppressing leakage current occurring in the conventional
structure more favorably.

[0036] A method for manufacturing an organic EL display
according to the present disclosure includes the steps of form-
ing first electrodes in a matrix arrangement on a substrate to
provide pixel areas; forming a barrier on the substrate so that
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the barrier defines the pixel areas; forming communication
recesses in the barrier in such a manner that each communi-
cation recess extends from a respective first pixel area to a
respective second pixel area adjacent to each other in the pixel
areas defined by the barrier; forming at least one carrier
transport layer inside the barrier that defines the pixel areas;
forming at least one non-carrier transport layer by an inkjet
system from the respective first pixel area to the respective
second pixel area across the communication recess provided
therebetween; and forming second electrodes in the pixel
areas on the substrate in which the at least one carrier trans-
port layer and the non-carrier transport layers have been
formed.

[0037] In this structure, at least one carrier transport layer
having a high conductivity is formed in the respective pixel
areas. Also, at least one non-carrier transport layer (carrier
blocking layer, light emitting layer, etc.) using a low conduc-
tivity organic layer or the like is formed by an inkjet system
from the respective first pixel area to the respective second
pixel area across the communication recess provided therebe-
tween. This allows droplets in adjacent pixel areas to join
together, thus enabling the non-carrier transport layers to
extend through the adjacent pixel areas. That is, droplet accu-
mulation in the central part of each pixel area, occurring in the
conventional structure as shown in FIG. 15, is suppressed.
Accordingly, contact between the carrier transport layers, and
contact between the hole transport layers (carrier transport
layers) and the negative electrodes, between the electron
transport layers (carrier transport layers) and the positive
electrodes, and between the positive and negative electrodes
are not made without interposition of the non-carrier trans-
port layers using a low-conductivity organic layer or the like.
Hence, it is possible to suppress leakage current occurring in
the conventional structure. Furthermore, since the carrier
transport layers are confined within the respective pixel areas,
the barrier between adjacent pixel areas is used effectively.
Specifically, depending on several factors, such as the droplet
retention capability of the barrier, whether or not to apply
droplets on the communication recesses formed between
adjacent pixel areas, and control of the amount of droplet to be
applied, it becomes possible to form the carrier transport
layers in the separate pixels, and to extend at least one type of
non-carrier transport layer through adjacent pixel areas. In
addition, the barrier produces other effects; even if droplets
for forming other non-carrier transport layers join together
between adjacent pixel areas, the barrier retains such droplets
within the respective pixel areas by preventing those droplets
from flowing into the adjacent pixel areas to cause uneven
distribution.

[0038] Inthe method for manufacturing an organic EL dis-
play according to the present disclosure, the barrier and the
communication recesses provided therein may be formed
simultaneously using the same material.

[0039] In this structure, since the barrier and the commu-
nication recesses provided therein are formed simultaneously
using the same material, efficiency and cost in manufacturing
the display are improved.

ADVANTAGES OF THE INVENTION

[0040] The present disclosure provides an organic EL dis-
play capable of high quality display, in which leakage
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between electrodes is reduced without adding any manufac-
turing process steps, and also provides a manufacturing
method thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 11is aplan view of a substrate in an organic EL
display according to a first example of the present disclosure,
showing a positional relationship between pixel areas and a
barrier formed on the substrate.

[0042] FIG. 2 is a cross-sectional view taken along the line
A-A of FIG. 1.

[0043] FIG. 3 is a cross-sectional view taken along the line
B-B of FIG. 1.
[0044] FIG. 4 is a plan view of communication recesses

each formed with two narrow-width portions.

[0045] FIG. 51is a plan view of a substrate in an organic EL
display according to a second example of the present disclo-
sure, showing a positional relationship between pixel areas
and a barrier.

[0046] FIG. 61is a cross-sectional view taken along the line
A'-A' of FIG. 5.

[0047] FIG. 7 is a plan view of a barrier having island-
shaped portions formed in the shape of an approximate circle.
[0048] FIG. 8 is a plan view of a barrier having island-
shaped portions formed in the shape of an approximate quad-
rilateral.

[0049] FIG. 9 is a plan view of a barrier in which multiple
island-shaped portions are formed in parallel in the direction
of columns of pixel areas.

[0050] FIG.10is a plan view of a barrier in which multiple
island-shaped portions are formed in parallel in the direction
of rows of pixel areas.

[0051] FIG. 11 is a plan view of a substrate in a conven-
tional organic EL display.

[0052] FIG.12is across-sectional view taken along the line
A"-A" of FIG. 11.

[0053] FIG. 13 shows a process step in which droplets are
applied on a positive electrode.

[0054] FIG. 14 shows a process step in which a hole trans-
port layer is formed.

[0055] FIG. 15 shows a process step in which droplets are
applied on the hole transport layer.

[0056] FIG. 16 is across-sectional view taken along the line
B"-B" of FIG. 11.

DESCRIPTION OF REFERENCE CHARACTERS

[0057] 10, 30 Organic EL display
[0058] 11 Substrate

[0059] 12 Pixel area

[0060] 13, 33 Barrier

[0061] 15 Positive electrode

[0062] 16 SiO, layer

[0063] 20 Pixel area defining recess
[0064] 21, 37 Communication recess
[0065] 22 Hole transport layer
[0066] 23 Light emitting layer
[0067] 24 Negative electrode
[0068] 25 Functional material layer
[0069] 34 First linear portion
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[0070] 35 Second linear portion
[0071] 36 Island-shaped portion

DESCRIPTION OF EMBODIMENTS

[0072] Embodiments of the present disclosure will be here-
inafter described in detail. It should be noted that the present
disclosure is not limited to the following embodiments.

EMBODIMENTS

[0073] Anorganic EL display includes a substrate on which
pixel areas are arranged in a matrix.

[0074] On the substrate, thin film transistors (TFTs), signal
lines and other lines, and a planarizing layer are formed. First
electrodes (positive or negative electrodes) are formed on the
planarizing layer. The substrate with these components forms
an active matrix substrate.

[0075] The substrate need not necessarily be an active
matrix substrate, and may form, for example, a passive matrix
substrate, which is a substrate on which signal lines and first
electrodes are formed.

[0076] On the first electrode in each pixel area, a functional
material layer and a second electrode (negative or positive
electrode) are stacked in that order.

[0077] The functional material layers are composed of car-
rier transport layers and non-carrier transport layers provided
in the pixel areas between the first and second electrodes.
[0078] An insulating barrier (bank) is also formed over the
substrate to define the pixel areas and to retain droplets
applied by an inkjet system when the functional material
layers are formed.

[0079] The barrier is formed with communication recesses
each provided for extending a non-carrier transport layer
from a first pixel area to a second pixel area adjacent to each
other in the pixel areas defined by the barrier. The structures
of the barrier and communication recesses are selectable from
various ones, and a detailed description will be provided in
“Examples” described later.

[0080] The TFTs and other active elements on the active
matrix substrate are separated from the functional material
layers by an interlayer dielectric film functioning as the pla-
narizing layer. Through contact holes formed through the
interlayer dielectric film, these active elements are connected
with the first electrodes thereover by a connecting conductor
filling the contact holes. As the connecting conductor, organic
EL first electrodes may also be used.

[0081] The functional material layers may be low molecu-
lar weight material or high molecular weight material. Struc-
tures (1) to (5) shown below are example structures for the
functional material layers. Nevertheless, the present disclo-
sure is not limited to those structures so long as a carrier
transport layer is included. Here, “the carrier transport layer”
means a hole transport layer or an electron transport layer. In
some cases, a light emitting layer also functions as a carrier
transport layer. In those cases, however, such a layer mainly
functions as a light emitting layer, and therefore, is not
regarded as a carrier transport layer. An electron blocking
layer, which will be described later, is one type of carrier
blocking layer. In the present disclosure, all of the following
layers (carrier transport layers and non-carrier transport lay-
ers) are generally called functional material layers.

[0082] (1) Hole transport layer/Organic light emitting layer
[0083] (2) Organic light emitting layer/Electron transport
layer
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[0084] (3) Hole transport layer/Organic light emitting
layer/Electron transport layer

[0085] (4) Hole injection layer/Hole transport layer/Or-
ganic light emitting layer/Electron transport layer

[0086] (5) Hole transport layer/Electron blocking layer/
Organic light emitting layer/Electron transport layer

[0087] The organic light emitting layers described above
may have a single-layer or multi-layer structure, and may be
layers containing a host material doped with a dopant.
[0088] Now, organic EL using a high molecular weight
organic light emitting layer will be discussed by way of
example. It should however be noted that the present disclo-
sure is not limited to this, and a low molecular weight organic
light emitting layer may also be used. It should also be noted
that though the present disclosure employs an inkjet system to
stack the above-described functional material layers, such
stacking need not necessarily be performed by an inkjet sys-
tem, but may be performed using any other method in which
a bank for retaining a solution is provided, and the functional
material layers are formed by applying droplets on any other
layers. For example, the above structure (4) may be obtained
as follow: an inorganic substance used for a hole transport
layer is stacked over a substrate by a sputtering or evaporation
process, a bank is then formed, and an organic light emitting
layer and an electron transport layer are then stacked by an
inkjet system.

[0089] The solution applied to form the organic light emit-
ting layer contains at least some luminescent material, and
may contain one type of luminescent material or many dif-
ferent types of luminescent materials. The solution may also
contain a film-holding material (binder), a leveling material,
an emission-assist material, an add-in material (donor, accep-
tor, etc.), a carrier transporting material, a luminescent
dopant, and the like.

[0090] For luminescent materials, any luminescent materi-
als known to be suitable for organic LED devices may be
used. Such luminescent materials are classified into high
molecular weight luminescent materials, precursors of high
molecular weight luminescent materials, and the like. Spe-
cific examples of compounds of such materials will be pro-
vided below, however, the present disclosure is not limited to
these examples.

[0091] Examples of compounds that can be used as high
molecular weight luminescent materials include: poly(2-de-
cyloxy-1,4-phenylene) (DO-PPP); poly[2,5-bis-[2-(N,N,N-
triethylammonium) ethoxy]-1,4-phenyl-alto-1,4-phenylene]
dibromide  (PPP-NEt**);  poly[2-(2'-ethylhexyloxy)-5-
methoxy-1,4-phenylenevinylene] (MEH-PPV), and the like.
[0092] Examples of compounds that can be used as precur-
sors of high molecular weight luminescent materials include:
poly(p-phenylenevinylene) precursor (Pre-PPV); poly(p-
naphthalenevinylene) precursor (Pre-PNV), and the like.
[0093] Any solvent that can dissolve or disperse those lumi-
nescent materials may be used. Examples of such a solvent
include: pure water, methanol, ethanol, THF (tetrahydrofu-
ran), chloroform, toluene, xylene, trimethylbenzene, and the
like.

[0094] The hole transport layer and the electron transport
layer (carrier transport layers) may both have a single-layer or
multi-layer structure, and may also function as injection lay-
ers.

[0095] The carrier transport layers, like the light emitting
layer material, may be formed not only by an inkjet system
but also by any other known method.
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[0096] For carrier transporting materials, any well-known
materials may be used. Specific examples of compounds of
such materials are shown below, however, the present disclo-
sure is not limited to these examples.

[0097] Examples of compounds that can be used as hole
transporting materials include: low molecular weight mate-
rials, such as porphyrin compounds, aromatic tertiary amine
compounds including N,N'-bis-(3-methylphenyl)-N,N'-bis-
(phenyl)-benzidine (TPD) and N,N'-di(naphthalene-1-y1)-N,
N'-diphenyl-benzidine (NPD), hydrazone compounds,
quinacridone compounds, and styrylamine compounds; high
molecular weight materials, such as polyaniline, 3,4-polyeth-
ylene dioxythiophene/polystyrenesulfonate (PEDOT/PSS),
poly(triphenylamine derivatives), and polyvinylcarbazole
(PVCz); and precursors of high molecular weight materials,
such as poly(p-phenylenevinylene) precursors and polyp-
naphthalene vinylene) precursors.

[0098] Examples of compounds that canbe used as electron
transporting materials include: low molecular weight mate-
rials, such as oxadiazole derivatives, triazole derivatives, ben-
zoquinone derivatives, naphthoquinone derivatives, and fluo-
rene derivatives; and high molecular weight materials such as
poly[oxadiazole].

[0099] Carrier blocking layers may have a single-layer or
multi-layer structure.

[0100] Carrier blocking layers, like the light emitting layer
material, may be formed not only by an inkjet system but also
by any other known method.

[0101] For carrier blocking materials, any well-known
materials may be used. Specific examples of compounds of
such materials are shown below, however, the present disclo-
sure is not limited to these examples.

[0102] Examples of compounds that can be used as electron
blocking materials include: low molecular weight materials,
such as N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzi-
dine (TPD); and high molecular weight materials, such as
polyvinylcarbazole (PVCz). Examples of compounds that
can be used as hole blocking materials include high molecular
weight materials, such as oxadiazole derivatives.

[0103] Any solvent used for the luminescent materials can
be used as a solvent for carrier blocking materials. However,
for example, when a light emitting layer is stacked on a hole
transport layer by an inkjet system, a hole transporting mate-
rial soluble in the solvent used for the luminescent material is
dissolved in that solvent during the formation of the light
emitting layer, causing a reduction in film uniformity. In view
of this, the functional material used in the earlier stage is
preferably a material that is not soluble in the solvent
employed for the functional material stacked in the later
stage.

[0104] For each layer in the electrodes, any well-known
electrode materials may be used. A film, such as a carrier
injection layer, may be inserted at the interface between an
electrode layer and a functional material layer when neces-
sary.

[0105] For positive electrodes, a single-layer film of a high
work function metal material (Au, Ni, Pt or the like) or con-
ductive metallic oxide (ITO, IZO, ZnO, SnO, or the like), or
a multi-layer film of combination of such materials may be
used. Also, an oxide having a thickness (about 1 nm, for
example) that does not significantly hinder the conductivity
may be stacked on the respective sides of positive electrodes
that are in contact with a functional material layer.
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[0106] Electrode materials that can be used for negative
electrodes include low work function materials having a work
function 0f 4.0 eV or less, such as Ca, Ce, Cs, Rb, Sr, Ba, Mg,
and Li. Suitable materials with respect to a high molecular
weight organic light emitting layer are Ca and Ba. In order to
suppress degradation of such low work function electrodes
due to oxygen, water and the like, an alloy of such a low work
function material and a metal that is scientifically relatively
stable, such as Ni, Os, Pt, Pd, Al, Au, Rh, or Ag, or a multi-
layer structure including such a low work function material
and a relatively stable metal is suitably used for negative
electrodes. Furthermore, in the case of top-emission organic
EL, negative electrodes need to be thin enough to be translu-
cent. Therefore, in order to ensure sufficiently high conduc-
tivity as electrodes, a conductive metallic oxide, such as ITO,
1Z0, ZnO, or SnO,, may be formed as a transparent electrode
layer on a translucent metal layer. The transparent electrode
layer may be a single-layer film or a multi-layer film of
multiple materials.

[0107] The structure of the organic EL device ofthe present
disclosure may include at least first electrodes, organic layers
composed of multiple layers including at least a carrier trans-
port layer and a light emitting layer (non-carrier transport
layer), and second electrodes. The organic EL device struc-
ture may also include a layer, e.g., the above-described oxide
layer, in addition to first electrodes, functional material layers
composed of a single layer or multiple layers including at
least a light emitting layer, and second electrodes.

First Example

[0108] Now,a first example of an organic EL display of the
present disclosure will be described in detail with reference to
the accompanying drawing.

[0109] FIG.1is aplan view of a substrate 11 in an organic
EL display 10 according to the first example of the present
disclosure, showing the positional relationship between pixel
areas 12 and a barrier 13 formed on the substrate. FIG. 2 is a
cross-sectional view taken along the line A-A of FIG. 1. FIG.
3 is a cross-sectional view taken along the line B-B of FIG. 1.

[0110] (Manufacturing Process of the Organic EL Display
10)
[0111] First, a glass substrate was prepared, and TFT's fab-

ricated using an amorphous silicon film or a polysilicon film
were formed in a matrix on the glass substrate. An ITO film
having a thickness of 100 nm was then formed by sputtering,
thereby producing a substrate 11.

[0112] ThelITO film over the substrate 11 was subsequently
patterned utilizing a photolithographic technique with a ferric
chloride solution used as an etchant, thereby forming positive
electrodes 15. The positive electrodes 15 were formed so as to
be defined in respective pixel areas 12. The distance between
adjacent pixel areas 12 was 180 pm (in the column direction
C), and 60 um (in the row direction R). The positive elec-
trodes 15 were separated from the TFTs by an interlayer
dielectric film functioning as a planarizing layer, and were
electrically connected with the underlying thin film transis-
tors formed in a matrix through contact holes formed through
the interlayer dielectric film.

[0113] Then, SiO, was deposited over the substrate 11 to a
thickness of 150 nm by sputtering, thereby forming a SiO,
film.

[0114] The SiO, film was subsequently patterned using a
photolithographic technique, and then the SiO, layer 16 was
etched with buffered HF (hydrofluoric acid) used as an
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etchant so as to expose the positive electrodes 15. The dimen-
sions of each exposed area were 100 pm (in the column
direction C)x35 um (in the row direction R).

[0115] Next, a photosensitive acrylic resin was applied on
the patterned SiO, layer 16 and the positive electrodes 15to a
thickness of about 2 pum by spin coating, and was then
exposed and developed, thereby forming a barrier 13 on the
SiO, layer 16.

[0116] In this process step, the barrier 13 was formed with
pixel area defining recesses 20 and communication recesses
21. The pixel area defining recesses 20 which define the pixel
areas 12, and the communication recesses 21 extending con-
tinuously from the pixel area defining recesses 20 and having
anarrower width than the pixel area defining recesses 20 were
formed simultaneously using the same material.

[0117] The width (the distance in the row direction R) of
each communication recess 21 was 25 um. The dimensions of
the pixel areas 12 defined by the barrier 13 were 170 um (in
the column direction C)x50 pm (in the row direction R).
[0118] Subsequently, a PEDOT/PSS solution was prepared
as a hole transport layer solution by using PEDOT/PSS (a
mixture of polyethylenedioxythiophene and polystyrene-
sulfonate) as a hole transporting material, and water as a
solvent for dispersing or dissolving PEDOT/PSS. The
PEDOTY/PSS solution was prepared so as to have a viscosity
of'about 8 cp and a surface tension of about 30 dyn/cm.
[0119] Next, an inkjet device having an inkjet head, a sub-
strate mounting stage, and the like was provided and fixed
above pixel areas 12 on the substrate 11 that were to be
processed. In the inkjet head, the nozzle diameter was about
20 um, and the amount of hole transport layer solution dis-
charge was 4 to 6 pl.

[0120] The substrate 11 was then placed on the substrate
mounting stage. With the substrate mounting stage being
moved in the column direction C of the pixel areas 12 at arate
of' 5 mm/s at room temperature, flushing was performed 100
times from the inkjet head in order to prevent unwanted
stoppage of discharging.

[0121] Then, the rate at which the substrate mounting stage
was moved was increased to 30 mm/s, and application of a
desired amount of hole transport layer solution on desired
pixel areas 12 was started in the column direction C.

[0122] Continuously, the hole transport layer solution was
applied for 300 pixel areas in the column direction C of the
pixel areas 12. In the row direction R, the hole transport layer
solution was applied for 20 pixel areas. These 20 pixel areas
are the maximum number of pixel areas in the column direc-
tion for which application can be performed at a time, and this
maximum number is determined by the number of nozzles in
the inkjet head.

[0123] The substrate mounting stage was then moved in the
row direction R by 1200 um, and the hole transport layer
solution was similarly applied for 300 pixel areas in the
column direction C. By repeating this scanning, application
was performed for 500 pixel areas in the row direction R.
[0124] Next, the substrate 11 with the hole transport layer
solution applied in the pixel areas 12 was left to stand in a
vacuum dryer for 20 minutes at room temperature at 1 Torr,
thereby drying and removing the water, that is, the solvent
component, in the hole transport layer solution. The substrate
11 was then baked on a hot plate for 5 minutes at 200° C.,
thereby forming hole transport layers 22.

[0125] A light emitting layer solution was then prepared
using a polyfluorene-based green light emitting material as a
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light emitting layer material, and an aromatic mixed solvent
as a solvent. The light emitting layer solution was prepared so
as to have a viscosity of about 15 cp and a surface tension of
about 30 dyn/cm.

[0126] Subsequently, the light emitting layer solution, like
the above-described hole transport layer solution, was
applied by an inkjet system onto the pixel areas 12 having the
hole transport layers 22 formed therein. In this process step,
the light emitting layer solution was also applied on the com-
munication recesses 21 at the same time, so that the droplets
in adjacent pixel areas 12 in the column direction C extend
therebetween.

[0127] The substrate 11 having the light emitting layer
solution applied in the pixel areas 12 was then dried on a hot
plate in a N, atmosphere for 60 minutes at 200° C. to dry and
remove the solvent component in the light emitting layer
solution, thereby forming light emitting layers 23.

[0128] Then, using a known technique, negative electrodes
24 made of Ba and Al were formed over the substrate 11
having the hole transport layers 22 and the light emitting
layers 23 formed thereover.

[0129] In this way, the organic EL display 10 was manu-
factured.

[0130] (Effects of the Organic EL Display 10)

[0131] Formed in the organic EL display 10 thus manufac-
tured were the positive and negative electrodes 15 and 24, the
functional material layers 25 provided in the respective pixel
areas 12 between the positive and negative electrode 15 and
24 and including the hole transport layers 22 (carrier transport
layers) and the light emitting layers 23 (non-carrier transport
layers), and the barrier 13 that defines the pixel areas 12. The
barrier 13 was formed with the communication recesses 21
for extending the light emitting layers 23 through pixel areas
12 adjacent to each other in the pixel areas 12 defined by the
barrier 13. This structure suppressed droplet accumulation
occurring in the conventional structure in which the droplets
for forming the light emitting layers 23 accumulate in the
respective central parts of the pixel areas 12. Accordingly, the
hole transport layers 22 and the negative electrodes 24 were
not in contact with each other, thus suppressing leakage cur-
rent occurring in the conventional structure.

[0132] Inthis first example, the communication recesses 21
between the adjacent pixel areas 12 were each realized as a
single narrow-width portion extending from the barrier 13,
but are not limited thereto, and may be formed in various
other shapes.

[0133] For example, each communication recess 21 may
have two narrow-width portions as shown in FIG. 4, or may
have three or more narrow-width portions. In that case, the
droplets of a functional material applied on the communica-
tion recesses 21 between the pixel areas 12 are retained more
favorably without flowing into the pixel areas 12, thereby
enabling the hole transport layers 22 to be formed in the
separate pixel areas 12 more effectively.

Second Example

[0134] Now, a second example of an organic EL. display
according to the present disclosure will be described in detail
with reference to the accompanying drawing. In the second
example, the same members as those of the organic EL dis-
play 10 of the foregoing first example are identified by the
same reference numerals, and description thereof will be
omitted herein.
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[0135] FIG.5is aplan view of a substrate in an organic EL
display 30 according to the second example of the present
disclosure, showing the positional relationship between pixel
areas 12 and a barrier 33. FIG. 6 is a cross-sectional view
taken along the line A'-A' of FIG. 5. A cross-sectional view
taken along the line B'-B' of FIG. 5 shows the same structure
as FIG. 3 provided in the first example, and therefore, illus-
tration thereof will be omitted herein.

[0136] (Manufacturing Process of Organic EL Display 30)
[0137] In the second example, the organic EL display 30
was manufactured through process steps similar to those of
the first example. In this example, as shown in FIG. 5, the
barrier 33 is composed of first and second linear portions 34
and 35 each formed continuously in the column direction C of
the pixel areas 12, and island-shaped portions 36 provided
between the first and second linear portions 34 and 35 and
between adjacent pixel areas 12. Communication recesses 37
are composed of the spaces between the first and second
linear portions 34 and 35 and the island-shaped portions 36
formed therebetween.

[0138] The island-shaped portions 36 were formed at the
same time, and using the same material, as the first and second
linear portions 34 and 35. The island-shaped portions 36, as
well as the first and second linear portions 34 and 35, were
formed over the substrate 11 as upwardly rising projections.
The island-shaped portions 36 were formed so as to have a
length of about 25 um with their major axis extending in the
row direction R. The island-shaped portions 36 were also
formed so as to have a width of about 10 um with their minor
axis extending in the column direction C. This allowed the
width of each communication recess 37, obtained as the sum
of the spaces formed between each island-shaped portion 36
and the first and second linear portions 34 and 35, to be
smaller than the width of each pixel area 12 (the dimension of
each pixel area 12 in the row direction R).

[0139] (Effects of the Organic EL Display 30)

[0140] Inthe organic EL display 30 thus manufactured, the
barrier 33 includes the first and second linear portions 34 and
35 each provided continuously in the column direction C of
the pixel areas 12, and the island-shaped portions 36 provided
between adjacent pixel areas 12. The communication
recesses 37 are composed of the spaces between the first and
second linear portions 34 and 35 and the island-shaped por-
tions 36 formed therebetween. Therefore, the communication
recesses 37 allowed light emitting layers 23 (non-carrier
transport layers) to extend through adjacent pixel areas 12.
On the other hand, the communication recesses 37 having a
narrower width than the pixel areas 12 (whose width is equal
to the distance between the first and second linear portions 34
and 35) prevented hole transport layers 22 (carrier transport
layers) from extending, and their droplets from flowing, into
adjacent pixel areas 12, thus enabling the formation of the
hole transport layers 22 in the separate pixel areas 12.
[0141] Accordingly, this structure prevented contact
between the carrier transport layers, and contact between the
hole transport layers 22 and the negative electrodes 24 from
being made without interposition of the non-carrier transport
layers using a low-conductivity organic layer or the like,
thereby suppressing leakage current occurring in the conven-
tional structure.

[0142] In the second example, the island-shaped portions
36 are formed lower than the first and second linear portions
34 and 35 due to characteristics of the photolithographic
technique. This causes the light emitting layers 23 to go over
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the island-shaped portions 36 to extend through adjacent
pixel areas 12. However, the present disclosure is not limited
to this structure. Since it is sufficient if the light emitting
layers 23 extend into the communication recesses 37 so as to
be also present between adjacent pixel areas 12, the light
emitting layers 23 need not necessarily be present on the
island-shaped portions 36.

[0143] Also, in the second example, the island-shaped por-
tions 36 are formed in the shape of an approximate ellipse, but
may be formed in other shapes. For example, the island-
shaped portions 36 may be formed in the shape of an approxi-
mate circle as shown in FIG. 7 or in the shape of an approxi-
mate quadrilateral as shown in FIG. 8.

[0144] Furthermore, in the second example, one island-
shaped portion 36 is formed between adjacent pixel areas 12,
however, multiple island-shaped portions 36 may be formed
in parallel in the column or row direction of the pixel areas 12
as shown in FIGS. 9 and 10.

[0145] Moreover, in the first and second examples, the hole
transport layers 22 are formed in the respective pixel areas 12
so as to be separate from each other, and the light emitting
layers 23 are formed continuously through adjacent pixel
areas 12. Nevertheless, the present disclosure is not limed to
this. At least one type of non-carrier transport layer using a
low-conductivity organic layer or the like may be continu-
ously formed through adjacent pixel areas 12. Furthermore,
electron transport layers and carrier blocking layers may also
be formed. For example, the present disclosure is applicable
to a structure in which at least one type of carrier transport
layer (either hole transport layers or electron transport layers)
is formed in a respective pixel area 12 so as to be separate
from each other, and at least one type of non-carrier transport
layer extends through adjacent pixel areas 12, and a structure
in which all of the functional material layers including carrier
transport layers extend through adjacent pixel areas 12. In
those structures, at least either the low-conductivity carrier
blocking layers or light emitting layers are formed continu-
ously through adjacent pixel areas 12. Therefore, contact
between the carrier transport layers, and contact between the
hole transport layers and the negative electrodes, between the
electron transport layers and the positive electrodes, and
between the positive and negative electrodes are not made
without interposition of the low-conductivity organic layers,
thereby suppressing leakage current occurring in the conven-
tional structure.

[0146] Also, in the first and second examples, the respec-
tive widths of the communication recesses 21 and 37 are not
limited to the aforementioned dimensions. The widths of the
communication recesses 21 and 37 are preferably greater than
Vs, but smaller than %, of the widths of the pixel areas 12
defined by the respective barriers 13 and 33.

[0147] Moreover, in the first and second examples, the bar-
riers 13 and 33 and the communication recesses 21 and 37
need not necessarily be formed at the same time by using the
same material, and may be formed in different process steps
using different materials.

[0148] Furthermore, though the active-matrix organic EL
displays 10 and 30 have been described in the first and second
examples, the present disclosure is also similarly applicable
to passive-matrix organic EL displays in which TFTs are not
formed. In that case, positive electrodes 15 may be continu-
ously formed linearly in the column direction C, while nega-
tive electrodes 24 may be continuously formed linearly in the
row direction R by using a mask or the like during deposition.
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[0149] Also, in the first and second examples, PEDOT/PSS
and polyfluorene-based green light emitting material are
respectively used as a hole transport layer material and a light
emitting layer material. However, the present disclosure is not
limited to this, and other functional materials may also be
used.

[0150] Moreover, though the hole transport layers 22 and
the light emitting layers 23 are both formed by an inkjet
system in the first and second examples, the present disclo-
sure is not limited to this. The formation of the hole transport
layers 22 may be performed by any other method in which a
bank for retaining droplets is provided, and those layers are
formed by applying droplets on any other layer. That is, the
components other than the light emitting layers 23 extending
through adjacent pixel areas 12 may be formed not by an
inkjet system but by other methods such as a nozzle coating
process.

INDUSTRIAL APPLICABILITY

[0151] As set forth above, the present disclosure relates to
organic EL displays and manufacturing methods thereof.

1-10. (canceled)

11. An organic EL display, comprising:

a substrate including pixel areas are arranged in a matrix;

and

first electrodes, second electrodes, functional material lay-

ers, and a barrier arranged to define the pixel areas and
arranged over the substrate, the functional material lay-
ers being provided in the respective pixel areas between
the first and second electrodes and each including a
carrier transport layer and a non-carrier transport layer;
wherein

the barrier includes communication recesses arranged to

extend the non-carrier transport layers from respective
first pixel areas to respective second pixel areas, each
first pixel area and each second pixel area being adjacent
to each other in the pixel areas defined by the barrier.

12. The organic EL display of claim 11, wherein the barrier
includes pixel area defining recesses which define the pixel
areas, and the communication recesses are arranged to extend
continuously from the pixel area defining recesses of the
barrier and to have a narrower width than the pixel area
defining recesses.

13. The organic EL display of claim 11, wherein the barrier
includes:

first linear portions and second linear portions each

arranged continuously in a column or row direction of
the pixel areas so that each of the pixel areas arranged in
a matrix on the substrate is sandwiched between respec-
tive ones of the first linear portions and the second linear
portions, and

island-shaped portions each provided between respective

ones of the first linear portions and the second linear
portions and between respective ones of the first pixel
areas and the second pixel areas; and

each communication recess includes spaces located

between respective ones of the first linear portions and
the second linear portions and one of the island-shaped
portions provided therebetween.

14. The organic EL display of claim 13, wherein the island-
shaped portions are arranged such that two or more of those
island-shaped portions are arranged in parallel or substan-
tially in parallel with each other in the column and/or row
direction of the pixel areas.
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15. The organic EL display of claim 12, wherein a total
width of each communication recess is greater than about
one-sixth of, but smaller than about five-sixths of, a width of
each pixel area defined by the barrier.

16. The organic EL display of claim 11, wherein each
carrier transport layer and each non-carrier transport layer
include a plurality of layers, at least one of the layers of each
carrier transport layer is separated between the respective first
pixel area and the respective second pixel area adjacent to
each other, and at least one of the layers of each non-carrier
transport layer extends from the respective first pixel area to
the respective second pixel area adjacent to each other.

17. The organic EL display of claim 11, wherein each
non-carrier transport layer includes a plurality of layers, and
all of the layers of each non-carrier transport layer extend
from the respective first pixel area to the respective second
pixel area adjacent to each other.

18. The organic EL display of claim 11, wherein each
carrier transport layer includes a plurality of layers, and all of
the layers of each carrier transport layer are separated
between the respective first pixel area and the respective
second pixel area adjacent to each other.

19. A method for manufacturing an organic EL. display,
comprising the steps of:
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forming first electrodes in a matrix arrangement on a sub-
strate to provide pixel areas;

forming a barrier on the substrate so that the barrier defines
the pixel areas;

forming communication recesses in the barrier such that
each of the communication recesses extends from a
respective first pixel area to a respective second pixel
area adjacent to each other in the pixel areas defined by
the barrier;

forming at least one carrier transport layer inside the bar-
rier that defines the pixel areas;

forming at least one non-carrier transport layer using an
inkjet system from the respective first pixel area to the
respective second pixel area across the communication
recess provided therebetween; and

forming second electrodes in the pixel areas on the sub-
strate in which the at least one carrier transport layer and
the non-carrier transport layers have been formed.

20. The method of claim 19, wherein the barrier and the

communication recesses provided therein are formed simul-
taneously using the same material.
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