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(7) ABSTRACT

Provided is an organic electroluminescence display device.
The organic electroluminescence display device includes a
bank that is provided so as to surround a central Portion of
a Pixel electrode, an organic electroluminescence layer that
is provided on the pixel electrode, a common electrode that
is formed so as to extend from the organic electrolumines-
cence layer to the bank, a color filter layer that overlaps the
organic electro luminescence layer, a black matrix layer that
overlaps the bank, a spacer that is provided on the black
matrix layer, and a wiring that is provided on the black
matrix layer so as to be placed on the spacer. The black
matrix layer is disposed on the bank through the spacer. A
convex Portion is formed by the wiring being placed on the
spacer, and the convex portion is electrically connected to
the common electrode above the bank.

36,40 46

’ 7 -
1 s . / P A
’ /) / / ’ 2 4 4
/ 7 s ¢ s
i /

/]

4’\/\4’“/ ,,,,,,,,,,, /"«-./18
-y o N s 14

A 10

v

[

A
34 22 16 12 (20

24



US 2017/0236893 A1

Aug. 17,2017 Sheet 1 of 3

9y Ov'9¢ 99 TG P& 17

1O

Patent Application Publication



Patent Application Publication  Aug. 17,2017 Sheet 2 of 3 US 2017/0236893 A1

FIG.2
32 36 32
\_/ /
s W ) a7
|
40 I 40
34 /34 I/
52_\ \ i / | { /f*"52
34 LSO -Gl
L= it N —
32\m ﬂ Sot\:m ﬁ Sol
: :
52\}\

&
()

%
it &

)

A
o
|
Y

Bl

l
S
moen
SR >




Patent Application Publication  Aug. 17,2017 Sheet 3 of 3 US 2017/0236893 A1

FIG.3




US 2017/0236893 A1l

ORGANIC ELECTROLUMINESCENCE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP2013-60351 filed on Mar. 22, 2013, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescence display device.

[0004] 2. Description of the Related Art

[0005] 1In top-emission type organic electroluminescence
display devices, light is extracted from a negative electrode,
and thus the negative electrode is required to be high in light
transmittance from the perspective of improvement of light
extraction efliciency. Meanwhile, a negative electrode is also
required to be high in conductivity from the perspective of
low power consumption.

[0006] Transparent oxide semiconductor films are gener-
ally used as negative electrodes, but an increase in thickness
of the transparent oxide semiconductor film is essential to
reduce sheet resistance, and transmittance is reduced. Light
transmittance and conductivity have a trade-off relationship
with each other, and thus it is difficult to satisfy both of them.
[0007] When a combination of a transparent oxide semi-
conductor film and a metal thin film having high conduc-
tivity is used, the influence of a light interference effect by
the reflection of a metal thin film is great, and thus it
becomes difficult to adjust a luminescent color.

[0008] When a metal film having high conductivity is
formed in a non-emission region, a pixel aperture is not
reduced in size, but a higher film formation accuracy than
that of the pixel aperture is required, and thus application in
production is difficult. For example, it is possible to form a
minute auxiliary wiring on a transparent conductive film by
deposition using a shadow mask, but a film formation region
becomes narrower than a pixel. Thus, a highly accurate mask
manufacturing technique and film formation technique are
required, which results in a difficulty in practical application.
[0009] TP 2002-33198 A or JP 2006-278241 A discloses
that an organic layer and a negative electrode are formed on
a thin film transistor (TFT) substrate, an adhesion layer is
formed on an encapsulation substrate for encapsulating the
organic layer, an auxiliary wiring is formed on the adhesion
layer, and the encapsulation substrate is bonded to the TFT
substrate so that the auxiliary wiring faces a negative
electrode. Meanwhile, the auxiliary wiring is pushed into the
adhesion layer, and thus the auxiliary wiring and the nega-
tive electrode come into contact with each other. In this
example, since the auxiliary wiring is formed on the adhe-
sion layer, there is a problem in that a material is limited for
a reason that the formation has to be performed without
thermal curing.

[0010] JP 2009-128671 A discloses that a transparent
conductive film is formed on an encapsulation substrate, and
the encapsulation substrate is bonded to a TFT substrate,
thereby bringing the transparent conductive film into contact
with a negative electrode on the TFT substrate. However,
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since the transparent conductive film covers an emission
region, a decrease in light transmittance is inevitable.

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to satisfy both
high light transmittance and high conductivity.

[0012] (1) An organic electroluminescence display device
according to the present invention includes a plurality of
pixel electrodes; a bank that is provided so as to surround at
least a central portion of each of the pixel electrodes; an
organic electroluminescence layer that is provided on the
plurality of pixel electrodes; a common electrode which has
light transmittance and is formed so as to extend from the
organic electroluminescence layer to the bank; a black
matrix layer that overlaps the bank; a spacer that is provided
on the black matrix layer; and a wiring that is provided on
the black matrix layer, a part of the wiring being placed on
the spacer. The black matrix layer is disposed on the bank
through the spacer. The wiring has a convex portion formed
by the part of the wiring being placed on the spacer, and the
convex portion is electrically connected to the common
electrode above the bank. According to the present inven-
tion, the entire conductivity of the wiring and the common
electrode which are electrically connected to each other is
higher than the conductivity of the common electrode. In
addition, since the wiring is formed so as to overlap the
black matrix layer, the wiring does not interfere with light
transmission. Therefore, it is possible to satisfy both high
light transmittance and high conductivity.

[0013] (2) The organic electroluminescence display
device according to (1) may further include an insulating
layer that is present below the plurality of pixel electrodes;
a plurality of thin film transistors that are present below the
insulating layer; and a contact that passes through the
insulating layer below the bank to electrically connect each
of the pixel electrodes to each of the thin film transistors.
The plurality of pixel electrodes may include a group
constituted by two or more of the pixel electrodes that are
adjacent to each other. The contacts included in the pixel
electrodes of the group may be disposed so as to be adjacent
to each other. The bank may have a coating portion that
continuously covers two or more of the contacts. The spacer
may be located on the coating portion. The convex portion
of the wiring may be electrically connected to the common
electrode above the coating portion.

[0014] (3) In the organic electroluminescence display
device according to (2), the group may be constituted by
four of the pixel electrodes, and the contacts included in the
four of the pixel electrodes may be disposed so as to
surround the spacer when seen in a plan view.

[0015] (4) The organic electroluminescence display
device according to (2) may further include a first substrate,
and a second substrate facing the first substrate. The organic
electroluminescence layer, the plurality of pixel electrodes,
the common electrode, the bank, and the plurality of thin
film transistors may be formed in the first substrate. The
black matrix layer, the spacer, and the wiring may be formed
in the second substrate.

[0016] (5) In the organic electroluminescence display
device according to (1), the organic electroluminescence
layer may be configured to emit white light.

[0017] (6) The organic electroluminescence display
device according to (1) may further include a color filter
layer overlapping the organic electroluminescence layer.
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[0018] (7) In the organic electroluminescence display
device according to (6), a space may be formed between the
organic electroluminescence layer and the color filter layer.
[0019] (8) The organic electroluminescence display
device according to (1) may further include a first substrate,
and a second substrate facing the first substrate. The organic
electroluminescence layer, the plurality of pixel electrodes,
the common electrode, and the bank may be formed in the
first substrate. The black matrix layer, the spacer, and the
wiring may be formed in the second substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a cross-sectional view of an organic
electroluminescence display device according to an embodi-
ment of the present invention.

[0021] FIG. 2 is a diagram illustrating a pixel electrode.
[0022] FIG. 3is a diagram illustrating a black matrix layer.
DETAILED DESCRIPTION OF THE
INVENTION
[0023] Hereinafter, an embodiment of the present inven-

tion will be described with reference to the accompanying
drawings.

[0024] FIG. 1 is a plan view of an organic electrolumi-
nescence display device according to an embodiment of the
present invention. The organic electroluminescence display
device includes a first substrate 10 which has light trans-
mittance and is formed of glass or the like. A semiconductor
layer 12 is formed on the first substrate 10. A gate insulating
film 14 is formed so as to cover the semiconductor layer 12.
A gate electrode 16 is formed on the gate insulating film 14,
and an interlayer insulating film 18 is formed so as to cover
the gate electrode 16. A source electrode 20 and a drain
electrode 22 are provided so as to pass through the interlayer
insulating film 18 to reach the semiconductor layer 12. The
semiconductor layer 12, the source electrode 20, the drain
electrode 22, and the gate electrode 16 are components of a
thin film transistor 24.

[0025] A passivation film 26 is formed on the interlayer
insulating film 18 so as to cover the source electrode 20 and
the drain electrode 22, and an insulating layer 28 is provided
thereon. A light reflection layer 30 for reflecting light is
formed on the insulating layer 28.

[0026] A pixel electrode 32 (for example, a positive elec-
trode) is provided on the light reflection layer 30. The pixel
electrode 32 passes through the insulating layer 28 to be
electrically connected to one of the source electrode 20 and
the drain electrode 22. The insulating layer 28 is present
below the plurality of pixel electrodes 32, and the plurality
of thin film transistors 24 are present below the insulating
layer 28.

[0027] FIG. 2 is a diagram illustrating the pixel electrode
32. The organic electroluminescence display device has the
plurality of pixel electrodes 32 which are separated from
each other. Each of the pixel electrodes 32 is electrically
connected to any one of the thin film transistors 24 by a
contact 34 passing through the insulating layer 28. The
contacts 34 included in the respective adjacent pixel elec-
trodes 32 are disposed so as to be adjacent to each other. In
other words, the plurality of contacts 34 are gathered in one
place.

[0028] A bank 36 formed of an insulator such as a resin is
provided so as to surround at least a central portion of each
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of the pixel electrodes 32. As illustrated in FIG. 1, an organic
electroluminescence layer 38 is formed on the pixel elec-
trodes 32 surrounded by the bank 36. A portion of the
organic electroluminescence layer 38 is also placed on the
bank 36. As illustrated in FIG. 2, the bank 36 has a coating
portion 40 that continuously covers two or more adjacent
contacts 34.

[0029] The organic electroluminescence layer 38 includes
at least a light emitting layer, and further includes at least
one of an electron transport layer, a hole transport layer, an
electron injection layer, and a hole injection layer. At least
one layer constituting the organic electroluminescence layer
38 is formed of an organic material. The organic electrolu-
minescence layer 38 is formed by deposition or sputtering.
The organic electroluminescence layer 38 is configured so as
to emit white light through color mixture by superimposing
a plurality of light emitting layers emitting different colors.
[0030] A common electrode 42 having light transmittance
is formed so as to extend from the organic electrolumines-
cence layer 38 to the bank 36. The common electrode 42 is
formed so as to cover all the pixel electrodes 32. The organic
electroluminescence layer 38 is disposed between the pixel
electrode 32 and the common electrode 42. A voltage is
applied to the pixel electrode 32 and the common electrode
42 1o inject holes and electrons into the organic electrolu-
minescence layer 38 from the pixel electrode and the com-
mon electrode, respectively. The injected holes and electrons
are coupled to each other in the light emitting layer to emit
light.

[0031] The organic electroluminescence display device
includes a second substrate 44 which has light transmittance
and is formed of glass or the like. The second substrate 44
1s disposed so as to face the first substrate 10 at an interval.
A color filter layer 46 is provided on a surface of the second
substrate 44 on the first substrate 10 side. The color filter
layer 46 overlaps the organic electroluminescence layer 38.
A space 48 is formed between the organic electrolumines-
cence layer 38 and the color filter layer 46. In other words,
hollow sealing is applied. As a modified example, the space
48 may be filled with a resin. A black matrix layer 50 is
formed on a surface of the second substrate 44 on the first
substrate 10 side.

[0032] FIG. 3 is a diagram illustrating the black matrix
layer 50. A spacer 52 is provided on the black matrix layer
50. A wiring 54 is provided on the black matrix layer 50 so
as to be placed on the spacer 52. By the wiring 54 being
placed on the spacer 52, a convex portion 56 is formed.
Since the wiring 54 is formed on the black matrix layer 50
on the second substrate 44, a photo process or a baking
process can be applied, and there is a wide range of choices
for a material.

[0033] A manufacturing process includes forming the
black matrix layer 50 on one surface of the second substrate
44, forming the black matrix layer 50 on the same surface,
providing the spacer 52 on the black matrix layer 50 on the
same side, and forming the wiring 54, in this order.

[0034] As illustrated in FIG. 1 and FIG. 2, the black matrix
layer 50 overlaps the bank 36. The black matrix layer 50 is
disposed on the bank 36 through the spacer 52. By the
presence of the spacer 52, a gap 1s formed between the black
matrix layer 50 and the bank 36, but the size of the gap is
uniformized. In addition, by the presence of the spacer 52,
the gap is increased in size in spite of the presence of
external substances between the organic electrolumines-
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cence layer 38 and the color filter layer 46, and thus the
organic electroluminescence layer 38 is not crushed.
[0035] The convex portion 56 of the wiring 54 is electri-
cally connected to the common electrode 42 above the bank
36. By the presence of the convex portion 56, the wiring 54
and the common electrode 42 can stably come into contact
with each other. As a modified example, when the space 48
illustrated in FIG. 1 is filled with a resin, even if an upper
surface of the common electrode 42 is covered by the resin,
the convex portion 56 is pushed into the resin to be brought
into contact with the common electrode 42. The coating
portion 40 of the bank 36 is large in width as the coating
portion continuously covers two or more contacts 34, and
thus the spacer 52 is located thereon. The convex portion 56
of the wiring 54 is electrically connected to the common
electrode 42 above the coating portion 40.
[0036] According to this embodiment, the entire conduc-
tivity of the wiring 54 and the common electrode 42 that are
electrically connected to each other is higher than the
conductivity of the common electrode 42. In addition, since
the wiring 54 is formed so as to overlap the black matrix
layer 50 and not to protrude, the wiring does not interfere
with light transmission. Therefore, it is possible to satisfy
both high light transmittance and high conductivity.
[0037] While there have been described what are at pres-
ent considered to be certain embodiments of the invention,
it will be understood that various modifications may be
made thereto, and it is intended that the appended claims
cover all such modifications as fall within the true spirit and
scope of the invention.
1-12. (canceled)
13. An organic electroluminescence display device com-
prising:
a plurality of pixels including a first pixel, a second pixel,
a third pixel, and a fourth pixel, the first pixel including
a first pixel electrode and a first thin film transistor, the
first and second pixels arranged in a first direction, the
third and fourth pixels arranged in a second direction
which intersects the first direction, and the first to
fourth pixels being adjacent to one another;
a bank partitioning the plurality of pixels;
a common electrode located above at least the first pixel
electrode;
an organic electroluminescence layer located at least
between the first pixel electrode and the common
electrode; and
a plurality of spacers overlapping with the bank in a
planar view,
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wherein the first pixel electrode is connected with the first

thin film transistor via a first contact hole,

the first pixel includes a first light emitting region,

the second pixel includes a second light emitting region,

the third pixel includes a third light emitting region,

the fourth pixel includes a fourth light emitting region,

the first contact hole and one of the spacers are located

between the first and second light emitting regions, and
the one of the spacers overlaps with an area surrounded by
the first to fourth light emitting regions in a planar view.

14. The organic electroluminescence display device
according to claim 13, wherein the common electrode, the
bank, and the one of the spacers are stacked.

15. The organic electroluminescence display device
according to claim 13, wherein the spacers are not located at
all boundary areas between the pixels in a planar view.

16. The organic electroluminescence display device
according to claim 13, wherein the first contact hole and the
one of the spacers are arranged in the first direction.

17. The organic electroluminescence display device
according to claim 13, wherein the first to fourth pixels are
arranged in two columns and two rows.

18. The organic electroluminescence display device
according to claim 13, wherein the first light emitting region
has a first center portion therein,

the second light emitting region has a second center

portion therein,

the third light emitting region has a third center portion

therein,

the fourth light emitting region has a fourth center portion

therein,

the one of the spacers are located in a region surrounded

by imaginary lines which connect the first to fourth
center portions in a planar view.

19. The organic electroluminescence display device
according to claim 18, wherein the first light emitting region
has a first corner,

the second light emitting region has a second corner

facing the first corner in the first direction,

the third light emitting region has a third corner,

the fourth light emitting region has a fourth corner facing

the third corner in the second direction,

the one of the spacers are located in a region surrounded

by imaginary lines which connect the first to fourth
corners in a planar view.

20. The organic electroluminescence display device
according to claim 19, wherein the one of the spacers
overlaps with a center of the region in a planar view.
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