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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE HAVING AN INPUT
FUNCTION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2013-188128, filed on Sep. 11, 2013, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention relates to an organic elec-
troluminescent display device having an input function.

BACKGROUND

[0003] Organic electroluminescent display devices includ-
ing a substrate which has light emitting devices each con-
trolled independently and provided in accordance with pixels,
and also including a counter substrate located to face the
substrate, in which light emitted by the light emitting device
in each pixel is visually recognized through the counter sub-
strate to provide information display or the like are now being
developed. Such an organic electroluminescent display
device is of a top emission type, and in the case where light
emitted by the light emitting device is so-called white light,
the counter substrate includes a color filter.

[0004] Inanorganic electroluminescent display device that
provides color display, one pixel includes, for example, ared
pixel, a green pixel and a blue pixel. The light emitting inten-
sity of the light emitting device of the color pixel of each color
is changed in one pixel, so that the color tone is changed to
provide color display. Therefore, the red pixel, the green pixel
and the blue pixel included in one pixel are each referred to
also as a “sub pixel”.

[0005] The color filter is provided over the side of the pixel
on which the light is output from the light emitting device. In
the color filter, color layers (color filter layers) having differ-
ent transmission spectra are defined in correspondence with
the sub pixels. At a border between the color filter layers
having different transmission spectra, a light shielding layer
is provided.

[0006] The light shielding layer is provided in order to
demarcate the sub pixels having different color elements so
that color mixture which would otherwise occur between
adjacent pixels (or sub pixels) is prevented. For example,
Japanese Laid-Open Patent Publications No. 2002-299044
and Japanese Laid-Open Patent Publications No. 2007-
220395 each disclose an organic electroluminescent display
device in which a light shielding layer is provided to enclose
a light emitting area of each pixel in order to prevent light
leaks between adjacent pixels (sub pixels).

[0007] Recently, electronic devices including a graphical
user interface which displays an image such as an icon or the
like on a display screen and is operated by a touch on the
image have been widely used. A display panel also having as
an input function that is used in such an electronic device is
also referred to as a touch panel (or touch screen). A main-
stream touch panel is of an electrostatic capacitance system,
which detects a change in the electrostatic capacitance of the
sensor electrode and converts such an electrostatic capaci-
tance into an input signal.

Aug. 4,2016

[0008] Japanese Laid-Open Patent Publication No. 2008-
216543 discloses an organic electroluminescent display
device having such an input function. In this organic elec-
troluminescent display device, a part of the sensor electrode
that detects a touch also acts as a light shielding layer.

[0009] The light shielding layer disclosed in each of Japa-
nese Laid-Open Patent Publications Nos. 2002-299044 and
2007-220395 is provided only for the purpose of shielding
light. In order to provide such an organic electroluminescent
display device with a touch input function, a touch panel of an
electrostatic capacitance system needs to be externally
attached thereto. An organic electroluminescent display
device having such an externally attached touch panel is
increased in the size or the thickness and in the weight, and
cannot be applied for an electronic device that needs to be
thinner and more lightweight.

[0010] In the organic electroluminescent display device
disclosed in Japanese Laid-Open Patent Publication No.
2008-216543, the light shielding layer also acts as a sensor
electrode. However, the part acting as the sensor electrode is
separated from a lattice portion that blocks light. Namely, a
part of the light shielding unit acts as the sensor electrode. In
other words, the light shielding unit includes a sensor elec-
trode unit acting as the sensor electrode and a unit that does
not act as the sensor electrode and acts only as a light shield-
ing layer.

[0011] Therefore, the part also acting as the sensor elec-
trode in a touch detection zone needs to be separated from the
part acting only as the light shielding layer. In such a separa-
tion rea, light leaks. In the case where the light shielding layer,
which originally should block light, has such a separation
area, display lines are recognized due to a luminance differ-
ence or the like and thus image quality is deteriorated.

SUMMARY

[0012] An organic electroluminescent display device in an
embodiment according to the present invention includes a
first substrate having a pixel area including a plurality of
pixels each including a plurality of sub pixels, a light emitting
devices are provided in correspondence with the sub pixels,
and a partition layer covering a peripheral portion of each of
the sub pixels; and a second substrate having a sensing unit
including a first electrode pattern extending in one direction
and a second electrode pattern extending in a direction inter-
secting the one direction, and the first electrode pattern and
the second electrode pattern is provided out of contact from
each other. The first substrate and the second substrate are
located to face each other such that the pixel area and the first
electrode pattern face each other; and the first electrode pat-
tern is located to overlap the partition layer so as to enclose the
sub pixels.

[0013] In another embodiment of the organic electrolumi-
nescent display device according to the present invention, it is
preferable that a side surface of the first electrode pattern is
inclined such that an open area in the first electrode pattern is
opened toward the first substrate from the second substrate. In
the structure in which the side surface of the first electrode
pattern is inclined, it is preferable that the side surface of the
first electrode pattern is a light-reflecting surface. In this case,
it is preferable that the first electrode pattern includes at least
an aluminum layer or an aluminum alloy layer, and the light-
reflecting surface is formed of the aluminum layer or the
aluminum alloy layer.
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[0014] Instill another embodiment of the organic electrolu-
minescent display device according to the present invention,
the first electrode pattern includes a plurality of first elec-
trodes extending in the one direction and first inter-electrode
patterns provided between the first electrodes while being out
of contact from each other.

[0015] Instill another embodiment of the organic electrolu-
minescent display device according to the present invention,
it is preferable that the first electrode pattern and the second
electrode pattern have different patterns, and the second elec-
trode pattern includes large square or rectangular shapes cov-
ering periods of the first electrode pattern.

[0016] Instill another embodiment of the organic electrolu-
minescent display device according to the present invention,
it is preferable that the first electrode pattern and the second
electrode pattern have substantially the same pattern as each
other and are provided to overlap each other.

[0017] Instill another embodiment of the organic electrolu-
minescent display device according to the present invention,
it is preferable that the second substrate includes a color filter
layer between the first electrode pattern and the second elec-
trode pattern, at a position overlapping each of the sub pixels.

BRIEF EXPLANATION OF DRAWINGS

[0018] FIG.11isa perspective view showing an overview of
an organic electroluminescent display device in an embodi-
ment according to the present invention;

[0019] FIG. 2A is a plan view showing a structure of elec-
trodes in a sensing unit of the organic electroluminescent
display device in the embodiment according to the present
invention;

[0020] FIG. 2B is a plan view showing a structure of elec-
trodes in the sensing unit of the organic electroluminescent
display device in the embodiment according to the present
invention;

[0021] FIG. 3isa perspective view showing an overview of
amodule of the organic electroluminescent display device in
the embodiment according to the present invention;

[0022] FIG. 4 is a cross-sectional view showing the over-
view of the module of the organic electroluminescent display
device in the embodiment according to the present invention;
[0023] FIG. 5 is a plan view showing a structure of elec-
trodes in the sensing unit of the organic electroluminescent
display device in the embodiment according to the present
invention;

[0024] FIG. 6 isa cross-sectional view showing details ofa
pixel area of the organic electroluminescent display device in
the embodiment according to the present invention;

[0025] FIG. 7A is a plan view showing a structure of elec-
trodes in a sensing unit of an organic electroluminescent
display device in an embodiment according to the present
invention;

[0026] FIG. 7B is a plan view showing a structure of elec-
trodes in a sensing unit of an organic electroluminescent
display device in an embodiment according to the present
invention;

[0027] FIG. 8 is a plan view showing a structure of elec-
trodes in a sensing unit of an organic electroluminescent
display device in an embodiment according to the present
invention;

[0028] FIG.9isa perspective view showing an overview of
an organic electroluminescent display device in an embodi-
ment according to the present invention;
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[0029] FIG. 10A is a plan view showing a structure of
electrodes in a sensing unit of the organic electroluminescent
display device in the embodiment according to the present
invention;

[0030] FIG. 10B is a plan view showing a structure of
electrodes in a sensing unit of the organic electroluminescent
display device in the embodiment according to the present
invention;

[0031] FIG. 11 is a perspective view showing an overview
of amodule of the organic electroluminescent display device
in the embodiment according to the present invention;
[0032] FIG. 12 is a cross-sectional view showing the over-
view of the module of the organic electroluminescent display
device in the embodiment according to the present invention;
[0033] FIG. 13 is a plan view showing a structure of elec-
trodes in the sensing unit of the organic electroluminescent
display device in the embodiment according to the present
invention;

[0034] FIG. 14 is a cross-sectional view showing details of
a pixel area of the organic electroluminescent display device
in the embodiment according to the present invention;
[0035] FIG. 15 is a cross-sectional view showing details of
a pixel area of the organic electroluminescent display device
in the embodiment according to the present invention;
[0036] FIG. 16A is a plan view showing a structure of
electrodes in a sensing unit of an organic electroluminescent
display device in an embodiment according to the present
invention;

[0037] FIG. 16B is a plan view showing a structure of
electrodes in a sensing unit of an organic electroluminescent
display device in an embodiment according to the present
invention;

[0038] FIG. 17 is a plan view showing a structure of elec-
trodes in a sensing unit of an organic electroluminescent
display device in an embodiment according to the present
invention;

[0039] FIG. 18 is a perspective view showing an overview
of a module of an organic electroluminescent display device
in an embodiment according to the present invention;

[0040] FIG. 19 is a cross-sectional view showing the over-
view of the module of the organic electroluminescent display
device in the embodiment according to the present invention;
[0041] FIG. 20 is a cross-sectional view showing details of
a pixel area of the organic electroluminescent display device
in the embodiment according to the present invention;
[0042] FIG. 21 is a cross-sectional view showing details of
a pixel area of the organic electroluminescent display device
in the embodiment according to the present invention;
[0043] FIG. 22 is a perspective view showing an overview
of a module of an organic electroluminescent display device
in an embodiment according to the present invention;

[0044] FIG. 23 is a cross-sectional view showing the over-
view of the module of the organic electroluminescent display
device in the embodiment according to the present invention;
[0045] FIG. 24 is a cross-sectional view showing details of
a pixel area of the organic electroluminescent display device
in the embodiment according to the present invention;
[0046] FIG. 25 is a cross-sectional view showing details of
a pixel area of the organic electroluminescent display device
in the embodiment according to the present invention;
[0047] FIG. 26 is a perspective view showing an overview
of a module of an organic electroluminescent display device
in an embodiment according to the present invention;
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[0048] FIG. 27 is a cross-sectional view showing the over-
view of the module of the organic electroluminescent display
device in the embodiment according to the present invention;
[0049] FIG. 28 is a perspective view showing an overview
of a module of an organic electroluminescent display device
in an embodiment according to the present invention; and

[0050] FIG. 29 is a cross-sectional view showing the over-
view of the module of the organic electroluminescent display
device in the embodiment according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0051] Hereinafter, embodiments of the present invention
will be described with reference to the drawings or the like.
The present invention can be carried out in many different
embodiments, and is not to be interpreted as being limited to
any of the following embodiments.

[0052] Inthe following description of the present invention,
elements having the same or similar functions will bear iden-
tical reference signs in different figures. For such elements,
the same description will not be repeated unless there is a
specific reason. In the present specification, in the case where
certain components or areas are present “over” or “under” and
“above” or “below” other components or areas, as long as
there are no particular limitations, this includes not only the
case where components or areas are directly above or directly
below other components or areas but also the case where
components or areas are above or below other components or
areas with other structural components provided in between.

Embodiment 1

[0053] In this embodiment, an organic electroluminescent
display device having an input function in which a part of
electrodes that form a sensor plane of an input sensor also acts
as a light shielding wall between sub pixels will be described.

(1) Organic Electroluminescent Display Device

[0054] FIG. 1 shows an overview of an organic electrolu-
minescent display device in this embodiment. The organic
electroluminescent display device includes a second sub-
strate 102 and a first substrate 104. The second substrate 102
and the first substrate 104 are located to face each other and
secured to each other with a sealing member (not shown). In
the following description, the first substrate comprises a sub-
strate provided with the devices such as a transistor and the
light emitting element, and the second substrate includes a
substrate disposed to face the first substrate.

[0055] The organic electroluminescent display device
includes a sensing unit 106 and a display pixel area 108.
Owing to this, the organic electroluminescent display device
in this embodiment has an input function. The display pixel
area 108 and the sensing unit 106 are located to overlap each
other. The sensing unit 106 includes a first electrode pattern
extending in one direction (e.g.. Y direction) and a second
electrode pattern extending in a direction intersecting the one
direction (e.g., X direction). In FIG. 1, the first electrode
pattern 110 in the sensing unit 106 is shown whereas the
second electrode pattern is omitted for the sake of simplicity.
[0056] Along a peripheral edge of the second substrate 102,
a plurality of first lines 126 electrically connected to the first
electrode pattern 110 are provided and integrated together. In
an end area of the second substrate 102, a first terminal
portion 130 connected to the first lines 126 is provided.
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[0057] The display pixel area 108 includes a plurality of
pixels provided in the display substrate 104. In the display
pixel area 108, the pluralities of pixels are arrayed in, for
example, a matrix. Each of the plurality of pixels includes a
plurality of sub pixels. Each of the sub pixels acts as a color
element structured to emit light of a single color (or light of a
specific wavelength range) such as a red sub pixel, a green sub
pixel or a blue sub pixel, and may be regarded as a minimum
unit of the display pixel area 108. The plurality of sub pixels
that emit light of different colors are put together to form one
pixel. Thus, the display pixel area 108 can provide color
display.

(2) Electrode Pattern in the Sensing Unit

[0058] With reference to FIG. 2A, the first electrode pattern
110 in area Al enclosed by the dashed line in FIG. 1 will be
described in detail. FIG. 2A is an enlarged view of area A1,
and is a plan view showing a preferable embodiment of the
first electrode pattern 110 (FIG. 1).

[0059] The first electrode pattern 110 (FIG. 1) includes a
plurality of thin linear first electrodes 114 extending in one
direction (e.g., Y direction) at generally an equal interval in
the display pixel area 108. Among the plurality of first elec-
trodes 114, optional several, or several tens of, first electrodes
114 are coupled together outside the display pixel area 108,
and are electrically connected to each of the first lines 126.
For the sake of convenience, a group of the first electrode 114
that are connected to one first line 126 will be referred to as a
“first electrode block 112”.

[0060] The first electrode block 112 includes a plurality of
first electrodes 114 arrayed at a predetermined interval.
Between adjacent first electrodes 114, first inter-electrode
patterns 116 are provided. The first inter-electrode patterns
116 eachhave ashort and linear shape extending in a direction
intersecting the one direction (e.g., X direction), and are
arrayed in the one direction (Y direction) generally at an equal
interval.

[0061] The interval between adjacent first electrodes 114
and the interval between adjacent first inter-electrode patterns
116 are optional. Preferably, as shown in FIG. 2A, any two
adjacent first electrodes 114 and any two adjacent first inter-
electrode patterns 116 are located to enclose a sub pixel 144
in the display pixel area 108. In other words, in the display
pixel area 108, it is preferable that sub pixels 144 are located
to be each enclosed by two adjacent first electrodes 114 and
two adjacent first inter-electrode patterns 116.

[0062] The first electrode pattern 110 (FIG. 1) is preferably
formed of a non-transmissive conductive material, for
example, a metal material such as aluminum (Al), titanium
(Ti), molybdenum (Mo), tungsten (W) or the like. In this
manner, the first electrode pattern 110 can have a function of
a light shielding layer. Namely, the sub pixels 144 are each
enclosed by the first electrodes 114 and the first inter-lec-
trode patterns 116, so that light output areas of the sub pixels
144 are demarcated to prevent light from one sub pixel from
leaking toward an adjacent sub pixel.

[0063] For the sake of convenience, the first electrodes 114
coupled together outside the display pixel area 108 and the
first inter-electrode patterns 116 provided between such first
electrodes 114 are grouped as the first electrode block 112. A
plurality of such first electrode blocks 112 are arrayed at a
predetermined interval,

[0064] Between any two adjacent first electrode blocks
112, a blank area where no electrode pattern is provided



US 2016/0225831 Al

would be present. If such a blank area is provided between
two adjacent first electrode blocks 112, display non-unifor-
mity (display lines) may be visually recognized by a user
viewing a display screen in an oblique direction in the state
where the organic electroluminescent display device exhibits
a display function or an input function.

[0065] In order to avoid this, in this embodiment, patterns
that are the same as the first inter-electrode patterns 116 are
located in the blank area. Since the patterns that are the same
as the first inter-electrode patterns 116 (dummy patterns) are
provided in the blank area, the first electrode pattern 110
(FIG. 1) is guaranteed to have a periodicity and thus the
inconvenience that display non-uniformity (display lines) is
visually recognized can be solved.

[0066] In this embodiment, first inter-electrode patterns
116', which are the dummy patterns, are provided between the
first electrode blocks 112. The first inter-electrode patterns
116' each have a cut-off portion at both of two ends thereof so
as not to be in contact with the first electrodes 114. Since the
first inter-electrode patterns 116" have the cut-off patterns and
thus are not in contact with the first electrodes 114, shortcir-
cuit between adjacent blocks, which would be otherwise
caused by pattern defect or the like, can be decreased.
[0067] FIG. 2B shows another preferable embodiment of
the first electrode pattern 110 (FIG. 1). In FIG. 2B, the first
electrode pattern 110 (FIG. 1) includes the first electrodes 114
and the first inter-electrode patterns 116. The first electrodes
114 and the first inter-electrode patterns 116 have substan-
tially the same structure as that shown in FIG. 2A, except that
a smaller number of the first electrodes 114 are coupled
together (are connected to each of the first lines 126) outside
the display pixel area 108. In the embodiment shown in FIG.
2B, every other first electrode 114 is connected to the first line
126.

[0068] In FIG. 2B, it is preferable that dummy patterns,
namely, a first electrode 114" and the inter-electrode patterns
116', are provided between adjacent first electrode blocks
112. Namely, it is preferable that the first electrode 114'
and/or the first inter-electrode patterns 116' are provided
between any two adjacent first electrode blocks 112 such that
the first electrode pattern 110 (FIG. 1) has a periodicity.
Owing to provision of such dummy patterns, it can be made
difficult for the first electrode pattern 110 to be visually rec-
ognized.

[0069] For the first electrode pattern 110 (FIG. 1) in this
embodiment, the number of first electrodes 114 to be con-
nected to the first line 126 in each first electrode block 112
may be optional. The number of electrodes that are actually
used for sensing in one electrode block may be adjusted, so
that the periodicity of the pattern can be maintained while the
value of the electrostatic capacitance can be adjusted. Owing
to this, the sensitivity of the sensing unit 106 (FIG. 1) can be
adjusted.

(3) Structure of the Module

[0070] FIG. 3 shows an embodiment of a module in which
flexible printed circuit boards (hereinafter, referred to as
“FPC”) are attached to the organic electroluminescent dis-
play device shown in FIG. 1. FIG. 4 is a schematic cross-
sectional view ofthe module shown in FIG. 3. Hereinafter, the
module will be described with reference to FIG. 3 and FIG. 4.
[0071] The sensing unit 106 in the second substrate 102
includes the first electrode pattern 110 and a second electrode
pattern 1185. The first electrode pattern 110 is provided at a
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surface of the second substrate 102 facing the first substrate
104, and the second electrode pattern 1185 is provided at a
surface of the second substrate 102 opposite to the first elec-
trode pattern 110. The display pixel area 108 is provided to
overlap the sensing unit 106. The display pixel area 108
includes the plurality of sub pixels, and the sub pixels emit
light toward the second substrate 102. Therefore, the display
screen formed of the display pixel area 108 is over the second
substrate 102.

[0072] A first FPC 136 is connected to the first terminal
portion 130 of the second substrate 102 that is connected to
the first electrode pattern 110 by the first lines 126. A second
FPC 138 is connected to a second terminal portion 132 of the
second substrate 102 that is connected to the second electrode
pattern 1185. A third FPC 140 is attached to the first substrate
104.

[0073] As shown in FIG. 2A or FIG. 2B, the first electrode
pattern 110 includes the plurality of first electrode blocks 112.
Each of the plurality of first electrode blocks 112 is connected
to one first line 126. The plurality of first lines 126 are inte-
grated together and connected to the first terminal portion 130
along the peripheral edge of the second substrate 102. Since
the first lines 126 are integrated, the first terminal portion 130
can have a smaller width, and thus the first FPC 136 can be
smaller. The second FPC 138 connected to the second elec-
trode pattern 1185 has substantially the same width as that of
the second electrode pattern 1185 and is connected to the
second electrode pattern 1185 in the second terminal portion
132.

[0074] With reference to FIG. 5, the first electrode pattern
110 in area Al enclosed by the dashed line and the second
electrode pattern 1185 that are shown in FIG. 3 will be
described in detail. As shown in FIG. 5, the first electrode
pattern 110 extends in one direction (Y direction for the sake
of convenience in FIG. 5), whereas the second electrode
pattern 1185 extends in a direction intersecting the one direc-
tion (X direction for the sake of convenience in FIG. 5).
[0075] FIG. 5 shows a detailed structure of an electrostatic
system of the electrode pattern of the sensing unit (FIG. 3).
The electrostatic sensor detects a change in the electrostatic
capacitance of the first electrode pattern 110 (FIG. 3) and the
second electrode pattern 1185 (FIG. 3) and thus can detect at
which position in the plane the electrostatic capacitance has
been changed. For example, the electrostatic sensor detects a
change in the Y direction by the first electrode pattern 110
(FIG. 3) and detects a change in the X direction by the second
electrode pattern 1185 (FIG. 3), and thus can detect which
position in the plane of the sensing unit 106 (FIG. 3) has been
touched by the user’s finger.

[0076] The first electrodes 114 and the first inter-electrode
patterns 116 included in the first electrode pattern 110 (FIG.
3) enclose the sub pixels 114 as shown in F1G. 2A or FIG. 2B,
and are linear and periodically provided generally in accor-
dance with the pitch of the sub pixels 144. By contrast, a
plurality of second electrodes 1225 in the second electrode
pattern 118 (FIG. 3) are planar. A series of such second
electrodes 1225, among the plurality of second electrodes
1225, are electrically connected in the X direction via con-
nection portions and connected to a second line 1285. The
planar electrodes 1225 each have a size that covers a plurality
of sub pixels, namely, covers each of periods of the periodical
first electrode pattern 110. The first electrodes 114 and the
first inter-electrode patterns 116 of the first electrode pattern
110 (FIG. 3) are provided at such a small pattern as to enclose
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individual pixel electrodes 144. The pitch may be changed in
accordance with the size of the display screen and the number
of pixels, and is about several hundred micrometers. By con-
trast, the second electrodes 1225 of the second electrode
pattern 1185 (FIG. 3) may be generally as large as several
millimeters because it is merely needed to specify the posi-
tion of an icon displayed over the display screen.

[0077] Light output from the sub pixels 144 is transmitted
through the second substrate (FIG. 3). Therefore, it is prefer-
able that the second electrode pattern 118 (FIG. 3) is formed
of a transparent conductive material whereas the first elec-
trode pattern 110 (FIG. 3) is formed of a non-transmissive
metal material. The transparent conductive material is, for
example, indium tin oxide (ITO), a composite material of
indium tin oxide and zinc oxide (IZ0), or the like.

[0078] The first electrodes 114 and the first inter-electrode
patterns 116 of'the first electrode pattern 110 (FIG. 3) and the
second electrodes 1225 of the second electrode 1185 (FIG. 3)
are much smaller than, for example, the finger of the user.
Therefore, it is not needed to detect a touch by use of all the
electrodes. For example, as shown in FIG. 5, second inter-
electrode patterns 1245 may be provided on both sides of each
second electrode 1225. The second inter-electrode patterns
124b are not electrically connected to the second electrodes
1226 and thus do not contribute to sensing, but form a peri-
odical pattern like the second electrodes 1225. This makes it
difficult for the second electrode pattern 1185 to be visually
recognized. Namely, the provision of the second inter-elec-
trode patterns 1245 contributes to make the second electrode
pattern 1185 externally invisible. By contrast, the pitch of the
first electrodes 114 and the first inter-electrode patterns 116 of
the first electrode pattern 110 (FIG. 3) are too small to be
visually recognized and do not cover the sub pixels 144, and
thus do not influence the display.

[0079] As described above, the first electrode pattern 110
enclose the sub pixels 144, and the second electrodes 1225
facing the first electrode pattern 110 each have a large square
or rectangular shape. Owing to such a structure, the same
sensing function as that of the conventional device can be
provided while the light shielding function between adjacent
sub pixels is provided by the first electrode pattern 110.

(4) Details of the Display Pixel Area

[0080] FIG. 6 shows the display pixel area of the organic
electroluminescent display device in this embodiment in
detail. FIG. 6 shows a cross-sectional structure of a first sub
pixel 1447, a second sub pixel 144g and a third sub pixel 1445.
The first sub pixel 1447 s a red sub pixel, the second sub pixel
144g is a green sub pixel, and the third sub pixel 144bis a blue
sub pixel. These sub pixels have basically the same structure.

[0081] Each sub pixel includes a transistor 146, a storage
capacitance 148 and a light emitting device 150. The transis-
tor 146 includes a semiconductor layer 160, a gate insulating
layer 162 and a gate electrode 164. A source or drain electrode
168 is connected to a pixel electrode 172. Between the gate
electrode 164 and the source or drain electrode 168, a first
interlayer insulating layer 166 is provided. Between the
source or drain electrode 168 and the pixel electrode 172, a
second interlayer insulating layer 170 is provided. The light
emitting device 150 is formed of a stack of the pixel electrode
172, a light emitting layer 176 and a counter electrode 178.
The light emitting layer 176 contains an organic electrolumi-
nescence material.
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[0082] Over the first substrate 104, a partition layer 174 is
provided to demarcate the sub pixels 144. A passivation layer
180 is provided over the counter electrode 178 and protects
the light electrode device 150 against deterioration due to
moisture or the like. Over the second substrate 102, the first
electrode pattern 110 is provided at the surface thereof facing
the first substrate 102. Over the opposite surface of the second
substrate 102, the second electrode pattern 1185 is provided.
The first substrate 102 and the second substrate 104 face each
other while having a gap therebetween. The gap may be filled
with a filling material.

[0083] Over the second substrate 102, a color filter layer
1867 that transmits red light, a color filter layer 186¢ that
transmits green light and a color filter layer 1865 that trans-
mits blue light are provided in correspondence with the first
sub pixel 144r, the second sub pixel 144g and the third sub
pixel 144b. In the case where the color filter layers are pro-
vided over the second substrate 102, it is not necessary that
the light emitting devices 150 for the first sub pixel 1447, the
second sub pixel 144g and the third sub pixel 1445 emit light
of different spectra from each other. The light emitting
devices 150 provided for the respective sub pixels may emit
white light. Owing to this, the light emitting layer 176 do not
need to contain different materials in correspondence with the
first sub pixel 144, the second sub pixel 144g and the third
sub pixel 1445, and the light emitting layer 176 can be pro-
vided commonly for all the sub pixels. This is advantageous
to decrease the size of the sub pixels (or pixels). The light
emitting layer 176 can emit white light by having a structure
including a stack of light emitting layers that respectively
emit red (R) light, green (G) light blue (B) light, or a stack of
light emitting layers that respectively emit blue (B) light and
yellow (Y) light.

[0084] A light shielding layer 184 is provided at a border
between the color filter layer 186~ that transmits red light, the
color filter layer 186g that transmits green light and the color
filter layer 1864 that transmits blue light. An overcoat layer
188 is provided to cover the color filter layer 1867, the color
filter layer 186g and the color filter layer 1864 in order to
flatten the surface.

[0085] The first electrode pattern 110 is provided at the
surface that is generally flattened by the overcoat layer 188.
Since the first electrode pattern 110 is provided on such a flat
surface, the electrostatic capacitance is prevented from being
deviated part by part in a static state.

[0086] As described above, the first electrode pattern 110 is
provided so as to enclose the sub pixels 144, and therefore
generally overlap the light shielding layer 184. In other
words, the partition layer 174 provided over the first substrate
104 is located to enclose the pixel electrodes 172, and there-
fore the first electrodes 114 and the first inter-electrode pat-
terns 116 of the first electrode pattern 110 are located to be
held between the light shielding layer 184 and the partition
layer 174. Such an arrangement of the first electrode pattern
110 does not decrease the numerical aperture of the pixels.
[0087] As shown in FIG. 6, it is preferable that the first
electrode pattern 110 provided over the overcoat layer 188
protrudes toward the first substrate 104. In other words, it is
preferable that the first electrode pattern 110 is as close as
possible to the light emitting device 150 provided in each sub
pixel 144.

[0088] Light emitted by the light emitting device 150 is
output in a generally vertical direction (toward the second
substrate 102in FIG. 6) and also in an oblique direction. If, for
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example, among the light output from the second sub pixel
144g, an oblique light component is incident over the color
filter layer 8167 or the color filter layer 1865 corresponding to
the first sub pixel 1447 or the third sub pixel 144b, color
mixture occurs. This results in decrease in the color repro-
ducibility and also in the contrast.

[0089] However, in the structure in which the first electrode
pattern 110 is provided so as to enclose each sub pixel 144 so
as to prevent the oblique light component from being leaked
to an adjacent sub pixel, such an inconvenience can be solved.
[0090] In this case, it is preferable that side surfaces of the
first electrode pattern 110 is inclined such that an open area in
the first electrode pattern 110 is opened toward the first sub-
strate 102 from the second substrate 102. Owing to such a
structure, projected areas of the side surfaces of the first
electrode pattern 110 are increased as seen from the light
emitting devices 150. As aresult, the oblique light component
from each light emitting device 150 can be blocked by the side
surfaces of the first electrode pattern 110 and prevented from
leaking to an adjacent sub pixel.

[0091] Tt is also preferable that at least a part of the side
surfaces of the first electrode pattern 110 is a light-reflecting
surface. As schematically shown in FIG. 6, since a part of the
side surfaces of the first electrode pattern 110 is a light-
reflecting surface, the oblique light component from a sub
pixel can be reflected by the light-reflecting surface and used
as light output from this sub pixel. Since the oblique light
component is included in the light output from this sub pixel,
the light emitted from the light emitting device 150 can be
effectively utilized. Since the first electrode pattern 110
enclosing the sub pixels 144 is formed of a light-reflective
metal material, the side surface also acts as a light-reflecting
surface, which effectively utilize light emitted from the sub
pixel and also prevents light from leaking to an adjacent sub
pixel.

[0092] In order to exhibit a function as an electrode, a
function as a light shielding wall and also a function as a
light-reflecting surface, the first electrode pattern 110 prefer-
ably includes an aluminum layer or an aluminum alloy layer.
In this case, in order to form the first electrode pattern 110
having an inclining light-reflecting surface, the aluminum
layer or the aluminum alloy layer may be taper-etched. Alu-
minum or an aluminum alloy has a low resistance, and there-
fore does not decrease the response speed when used for an
electrode for sensing. Aluminum or an aluminum alloy also
has a higher reflectance for light in a visible range than that of
titanium or molybdenum, and therefore is preferable for
forming a light-reflecting surface. The first electrode pattern
110 may be formed of an aluminum or aluminum alloy single
layer, but it is preferable that the aluminum or aluminum alloy
single layer is sandwiched between metal layers of titanium
or the like having a relatively low light reflectance in order to
decrease the amount of stray light.

[0093] As described above, in this embodiment, the first
electrode pattern is provided so as to enclose the sub pixels,
and thus the inter-pixel (inter-sub pixel) color mixture can be
prevented. This can improve the image quality. This structure
can also increase the light extraction efficiency of light from
the light emitting device in each pixel. This can decrease the
power consumption.

[0094] Even in the case where the first electrode pattern is
a precise pattern enclosing the sub pixels, the number of lines
usable as detection lines may be appropriately adjusted, so
that the electrostatic capacitance of the sensing electrodes can
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be adjusted and thus the sensitivity of the sensing electrodes
can be adjusted. This can increase the S/N ratio of a touch
sensor unit.

Modification Example 1

[0095] FIG. 7A and FIG. 7B each show another preferable
embodiment of the first electrode pattern 110. In FIG. 7A, the
first electrode pattern 110 (FIG. 3) includes the first elec-
trodes 114 and the first inter-electrode patterns 116 in the
display pixel area 108. The first electrodes 114 extend in one
direction (Y direction for the sake of convenience in FIG.
7A), whereas the first inter-electrode patterns 116 extend in a
direction intersecting the one direction (X direction for the
sake of convenience in FIG. 7A). The first inter-electrode
patterns 116 each have a cut-off portion at an end thereof, and
is connected to the first electrode pattern 110 at the other end
thereof.

[0096] In FIG. 7B, the first electrodes 114 and the first
inter-electrode patterns 116 of the first electrode pattern 110
(FIG. 3) have substantially the same structure as that in FIG.
7A, except that a smaller number of the first electrodes 114
are coupled together (are connected to each of the first lines
126) outside the display pixel area 108. In the embodiment
shown in FIG. 7B, every other first electrode 114 is connected
to the first line 126.

[0097] Owing to such a structure, the value of the electro-
static capacitance of the first electrode pattern 110 (FIG. 3)
canbe adjusted, and thus the sensitivity of the sensing unit can
be adjusted. In this case, it is preferable that dummy patterns
are provided between adjacent first electrode blocks 112 so
that display non-uniformly (display lines) is not visually rec-
ognized. In FIG. 7A, the first inter-electrode patterns 116' are
provided between adjacent first electrode blocks 112. In FIG.
7B, the first electrode 114' and the first inter-electrode pattern
116’ are provided between adjacent first electrode blocks 112.
Owing to provision of such dummy patterns, the first elec-
trode pattern 110 is guaranteed to have a periodicity, and
display non-uniformity (display lines), which could other-
wise occur when a viewer views the display screen in an
oblique direction, can be suppressed.

[0098] InFIG.7A and FIG. 7B, the first electrodes 114 and
the first inter-electrode patterns 116 enclose the sub pixels
144. The present invention is not limited to such a structure.
The first electrodes 114 and the first inter-electrode patterns
116 may enclose pixels (display unit formed of a plurality of
sub pixels).

[0099] FIG. 8 shows a detailed structure of the first elec-
trode pattern 110 (FIG. 3) and the second electrode pattern
1185 (F1G. 3) shown in FIG. 7A. In F1G. 8, the first electrodes
114 of the first electrode pattern 110 (FIG. 3) extend in one
direction (Y direction for the sake of convenience in FIG. 8),
whereas the second electrode pattern 11856 (FIG. 3) extends in
a direction intersecting the one direction (X direction for the
sake of convenience in FIG. 8). The second electrode pattern
1185 (FIG. 3) have substantially the same structure as that
described above with reference to FIG. 5.

[0100] With the first electrode pattern 110 (FIG. 3) shown
in FIG. 7A or FIG. 7B, a region of the first electrode pattern
110 that encloses each sub pixel 144 has only two cut-off
portions. This can reinforce the function as the light shielding
wall and/or the light-reflecting surface between adjacent sub
pixels. Therefore, the problem of the color mixture between
adjacent sub pixels can be solved. As a result, the utilization
factor of the light emitted by the light emitting devices can be
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further increased, and the contrast and also the visual recog-
nizability can be further improved.

Embodiment 2

[0101] In this embodiment, an organic electroluminescent
display device having an input function in which the resis-
tance of electrodes included in a sensing unit is decreased will
be described.

(1) Organic Electroluminescent Display Device

[0102] FIG.9 shows a structure of a second electrode pat-
tern 118 in the sensing unit 106 of an organic electrolumines-
cent display device in this embodiment. The second electrode
pattern 118 is provided at a surface of the second substrate
opposite to the first substrate 104. The first electrode pattern
110 is substantially the same as that in Embodiment 1, and is
omitted in FIG. 9.

[0103] The second electrode pattern 118 is connected to
second lines 128. The second lines 128 are each a metal line,
and are integrated together and connected to a second termi-
nal portion 132 provided in an end area of the second sub-
strate 102. Since the second electrode pattern 118 and the
second terminal portion 132 are connected to each other by
the second lines 128, the second terminal portion 132 can
have a smaller width.

(2) Electrode Pattern in the Sensing Unit

[0104] With reference to FIG. 10A, the second electrode
pattern 118 in area B1 enclosed by the dashed line in FIG. 9
will be described in detail. FIG. 10A isa partial enlarged view
of the second electrode pattern 118.

[0105] FIG. 10A shows a preferable embodiment of the
second electrode pattern 118 (FIG. 9). The second electrode
pattern 118 (FIG. 9) includes a plurality of thin linear second
electrodes 122 extending in one direction (X direction for the
sake of convenience in FIG. 10A) and arrayed in the Y direc-
tion at generally an equal interval in the display pixel area
108. Among the plurality of second electrodes 122, a group of
second electrodes 122 are coupled together outside the dis-
play pixel area 108 and are electrically connected to each of
the second lines 128.

[0106] Between adjacent second electrodes 122, second
inter-electrode patterns 124 are provided. The second intet-
electrode patterns 124 each have a short and linear shape
extending in a direction intersecting the one direction (Y
direction for the sake of convenience in FIG. 10A) and are
arrayed in the X direction generally at an equal interval.
[0107] The interval between adjacent second electrodes
122 and the interval between adjacent second inter-electrode
patterns 124 of the second electrode pattern (FIG. 9) are
optional. Preferably, as shown in FIG. 10A, any two adjacent
second electrodes 122 and any two adjacent second inter-
electrode patterns 124 are provided so as to enclose a sub
pixel 144 in the display pixel area 108. In other words, it is
preferable that sub pixels 144 are provided so as to each
enclosed by two adjacent second electrodes 122 and two
adjacent second inter-electrode patterns 124.

[0108] For the sake of convenience, the second electrodes
122 coupled together outside the display pixel area 108 and
the second inter-electrode patterns 124 provided between
such second electrodes 122 are grouped as a second electrode
block 120. A plurality of such second electrode blocks 120 are
arrayed at a predetermined interval in the sensing unit 106
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(FIG.9). Since the second electrode blocks 120 are located at
the predetermined interval, there is a blank area between any
two adjacent second electrode blocks 120.

[0109] Ifsuch ablank area is provided in a separation area
between two adjacent second electrode blocks 120 (inter-
block area), display non-uniformity (display lines) is visually
recognized by a user viewing a display screen in an oblique
direction in the state where the organic electroluminescent
display device exhibits a display function or an input func-
tion. However, in the case where patterns that are the same as
the second inter-electrode patterns 124 (dummy patterns) are
provided in the inter-block area, such an inconvenience can be
solved.

[0110] Second inter-electrode patterns 124 provided
between adjacent second electrode blocks 120 each have a
cut-off portion at both of two ends thereof so as not to be in
contact with the second electrodes 122. Owing to this, short-
circuit between adjacent blocks, which would be otherwise
caused by pattern defect or the like, can be decreased.
[0111] Thesecond electrode pattern 118 (FIG. 9) is formed
of ametal material. The second electrode pattern 118 (FIG. 9)
is located over the viewing side of the display screen, and
therefore is preferably formed of a conductive material hav-
ing a low light reflectance. As a conductive material having a
low light reflectance, a metal material such as, for example,
titanium (Ti), tungsten (W), molybdenum (Mo) or the like is
usable.

[0112] In the case where the second electrode pattern 118
(FIG. 9) is formed of a conductive material, for example, a
metal material as described above, the second lines 128 that
connect the second electrode pattern 118 (FIG. 9) to the
second terminal portion 132 can also formed in the same
layer.

[0113] FIG. 10B shows another preferable embodiment of
the second electrode pattern 122 (FI1G. 9). In FIG. 18B, the
second electrodes 122 and the second inter-electrode patterns
124 of the second electrode pattern 118 have substantially the
same structure as that in FIG. 10A, except that a smaller
number of the second electrodes 122 are coupled together and
connected to each of the second lines 128 outside the display
pixel area 108. In the embodiment shown in FIG. 10B, the
number of the second electrodes 122 coupled together is less
than the number of the second electrodes 122 coupled
together in FIG. 10A by one.

[0114] For the second electrode pattern 118 (FIG. 9) in this
embodiment, the number of second electrodes 122 to be
connected to the second line 128 in each second electrode
block 120 may be optional. Owing to this, the value of the
electrostatic capacitance of the second electrode pattern 118
(FIG. 9) can be adjusted, and thus the sensitivity of the sens-
ing unit can be adjusted. In this case also, it is preferable that
the dummy patterns are provided between adjacent second
electrode blocks 120.

(3) Structure of the Module

[0115] FIG. 11 shows an embodiment of a module in which
FPCs are attached to the organic electroluminescent display
device in this embodiment. FIG. 12 is a schematic cross-
sectional view of the module shown in FIG. 11. Hereinafter,
the module will be described with reference to FIG. 11 and
FIG. 12.

[0116] FIG. 11 shows a structure in which the first electrode
pattern 110 and the second electrode pattern 118 are provided
in the second substrate 104. The first electrode pattern 110 is
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provided at a surface of the second substrate 102 facing the
first substrate 104, and the second electrode pattern 118 is
provided at a surface of the second substrate 102 opposite to
the first electrode pattern 110.

[0117] The first FPC 136 is connected to the first terminal
portion 130 of the second substrate 102 that is connected to
the first electrode pattern 110 by the first lines 126. The
second FPC 138 is connected to the second terminal portion
132 of the second substrate 102 that is connected to the
second electrode pattern 118. The third FPC 140 is attached to
the first substrate 104.

[0118] The second electrode pattern 118 is formed of a
conductive material, for example, a metal material having a
lower resistance than that of a transparent conductive member
such as indium tin oxide (ITO), a composite material of
indium tin oxide and zinc oxide (IZO), or the like. Owing to
this, the resistance of the second lines 128 connected to the
second terminal portion 132 can be also made low. Since the
second lines 128 are formed of a metal material, the second
lines 128 can be made precise and integrated together. This
can decrease the width of the second terminal portion 132.
Since the width of the second terminal portion 132 is
decreased, the second FPC 138 can be reduced in size.
[0119] The second FPC 138 and the third FPC 140 are
attached to the same side of the panel as each other. Therefore,
in the case where the second FPC 138 is reduced in size, these
two FPCs are prevented from interfering with each other
when this module is incorporated into a device. Namely, this
module can be attached to a small space, which can reduce the
size of the device including the module.

[0120] Since the second electrode pattern 118 is formed of
a conductive material having a lower resistance that that of a
transparent conductive material such as indium tin oxide
(ITO) or the like, the resistance of the second electrode pat-
tern 118 can be made low. The sensing unit 106 functions by
detecting a change in the electrostatic capacitance. Therefore,
the reduction in the resistance of the second electrode pattern
118 can increase the response speed. Even when the organic
electroluminescent display device is made large (even when
the screen of the organic electroluminescent display device is
made large), the response speed of the sensing unit 106 can be
prevented from being decreased. In the structure in which the
second electrode pattern 118 extends in a longitudinal direc-
tion of the panel as shown in FIG. 11, the effect provided by
the reduction in the resistance of the second electrode pattern
118 is more conspicuous.

[0121] With reference to FIG. 13, the first electrode pattern
110 in area B1 enclosed by the dashed line and the second
electrode pattern 118 that are shown in FIG. 11 will be
described in detail. As shown in FIG. 13, the first electrodes
114 of the first electrode pattern 110 extend in one direction
(Y direction for the sake of convenience in FIG. 13), whereas
the second electrodes 122 of the second electrode pattern 118
extend in a direction intersecting the one direction (X direc-
tion for the sake of convenience in FIG. 13).

[0122] The first electrode pattern 110 and the second elec-
trode pattern 118 are both provided so as to enclose the sub
pixels 114. Therefore, even if the first electrode pattern 110
and the second electrode pattern 118 have a cut-off portion,
the sub pixels 144 can be enclosed with no cut-off portion by
locating the first electrode pattern 110 and the second elec-
trode pattern 118 to overlap each other in a generally aligned
manner. This can increase the inter-pixel (inter-sub pixel)
light shielding property.
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[0123] 1InFIG. 13, the first electrode pattern 110 (FIG. 11)
and the second electrode pattern 118 (FIG. 11) both enclose
the sub pixels 114. The present invention is not limited to such
a structure. The first electrode pattern 110 (FIG. 11) and the
second electrode pattern 118 (FIG. 11) may enclose pixels
(display unit formed of a plurality of sub pixels).

(4) Details of the Display Pixel Area

[0124] With reference to FIG. 14, a structure of the pixel
area of the organic electroluminescent display device in this
embodiment will be described. The structure of the first sub-
strate 104 is the same as that described above with reference
to FIG. 6 in Embodiment 1 and will not be described again.
[0125] Over the second substrate 102, the first electrode
pattern 110 is provided over an outer surface of the overcoat
layer 188. The first electrode pattern 110 is provided to over-
lap the light shielding layer 184 and/or the partition layer 174
so as to enclose the sub pixels 144. In other words, the first
electrode pattern 110 is located to be held between the light
shielding layer 184 and/or the partition layer 174. In FIG. 14,
the first electrode pattern 110 (the first electrodes 114)
extends in a direction perpendicular to the plane of the paper
sheet of FIG. 14.

[0126] The second electrode pattern 118 is provided at the
surface of the second substrate 102 opposite to the first elec-
trode pattern 110. The second electrode pattern 118 (the sec-
ond electrodes 122) extend in a direction intersecting the first
electrode pattern 110.

[0127] The second electrode pattern 118 is located over a
visually recognizable plane of the display screen. In this case,
the second electrode pattern 118 may be formed of a metal
material as described above, so that the reflectance can be
decreased and background reflection over the display screen
can be decreased. It is preferable that the second electrode
pattern 118 is formed of a metal material such as, for example,
titanium (Ti), tungsten (W), molybdenum (Mo) or the like as
a conductive material having a low reflectance.

[0128] FIG. 15 shows a structure including a protection
film 182 provided over the second electrode pattern 118 in
addition to the structure shownin FIG. 14. The protection film
182 is preferably provided generally over the entire surface of
the second substrate 102 so as to cover the second electrode
pattern 118 except for the second terminal portion 132. Since
the protection film 182 is provided over the second electrode
pattern 182, the effects of protecting the second electrode
pattern 118 against corrosion, scratches or the like can be
provided. The protection film 182 is preferably formed of an
insulating material such as silicon oxide, silicon nitride or the
like. The protection film 182 may include a plurality of films
having different refractive indices to act as a reflection pre-
ventive film.

[0129] As described above, in this embodiment, the second
electrode pattern is formed of a conductive material having a
low resistance, and thus the resistance of the electrodes
included in the sensing unit can be decreased. This can
increase the response speed of the sensing unit. In other
words, even when the organic electroluminescent display
device is made large (even when the display screen of the
organic electroluminescent display device is made large), the
response speed of the sensing unit 106 is prevented from
being decreased.

[0130] Even in the case where the second electrode pattern
is a precise pattern enclosing the sub pixels, the number of
lines usable as detection lines may be appropriately adjusted,
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so that the electrostatic capacitance of the sensing electrodes
can be adjusted and thus the sensitivity of the sensing elec-
trodes can be adjusted. This can increase the S/N ratio of a
touch sensor unit.

[0131] In this embodiment, the second electrode pattern is
provided so as to enclose the sub pixels like the first electrode
pattern. Therefore, light leaks are prevented, and image qual-
ity deterioration, which would be caused by the inter-sub
pixel color mixture, can be prevented.

Modification Example 2

[0132] FIG. 16A and FIG. 16B each show another prefer-
able embodiment of the second electrode pattern 118 (FIG.
11). In FIG. 16A, the second electrode pattern 118 (FIG. 11)
includes the second electrodes 122 and the second inter-
electrode patterns 124 in the display pixel area 108. The
second electrodes 122 extend in one direction (X direction for
the sake of convenience in FIG. 16A), whereas the second
inter-electrode patterns 124 extend in a direction intersecting
the one direction (Y direction for the sake of convenience in
FIG. 16A). The second inter-electrode patterns 124 each have
a cut-off portion at an end thereof, and is connected to the
second electrode pattern 118 at the other end thereof.

[0133] In FIG. 16B, the second electrodes 122 and the
second inter-electrode patterns 124 of the second electrode
pattern 118 (FIG. 11) have substantially the same structure as
that in FIG. 16 A, except that a smaller number of the second
electrodes 122 are coupled together (are connected to each of
the second lines 128) outside the display pixel area 108. In the
embodiment shown in FIG. 16B, every third second electrode
122 is not connected to the second line 128.

[0134] Owing to such a structure, the value of the electro-
static capacitance of the second electrode pattern 118 (FIG.
11) can be adjusted, and thus the sensitivity of the sensing unit
can be adjusted. In this case, it is preferable that dummy
patterns that do not actually act as electrodes are provided
between adjacent second electrode blocks 120.

[0135] Namely, between any two adjacent second electrode
blocks 120, it is preferable that second inter-electrode pat-
terns 124" are provided as dummy patterns as shown in FIG.
16A, or that the second inter-electrode patterns 124' and a
second electrode 122' are provided as dummy patterns as
shown in FIG. 16B. What dummy patterns are to be provided
may be appropriately determined in consideration of the peri-
odicity of the second electrode blocks 120. Owing to provi-
sion of such dummy patterns between adjacent second elec-
trode blocks 120, the second electrode pattern 118 is
guaranteed to have a periodicity and display non-uniformity
(display lines), which could otherwise occur when a viewer
views the display screen in an oblique direction, can be sup-
pressed.

[0136] FIG. 17 shows a detailed structure of the second
electrode pattern 118 (FIG. 11) and the first electrode pattern
110 (FIG. 11) that are shown in FIG. 16A. In FIG. 17, the
second electrodes 122 of the second electrode pattern 118
(FIG. 11) extend in one direction (X direction for the sake of
convenience in FIG. 17), whereas the first electrodes 114 of
the first electrode pattern 110 (FI1G. 11) extend in a direction
intersecting the one direction (Y direction for the sake of
convenience in FIG. 17).

[0137] The first electrode pattern 110 (FIG. 11) and the
second electrode pattern 118 (FIG. 11) are both provided so
as to enclose the sub pixels 114. Therefore, even if the first
electrode pattern 110 (FIG. 11) and the second electrode
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pattern 118 (FIG. 11) have a cut-off portion, the sub pixels
144 can be enclosed with no cut-off portion by locating the
first electrode pattern 110 and the second electrode pattern
118 to overlap each other in a generally aligned manner. This
can increase the inter-pixel (inter-sub pixel) light shielding
property.

[0138] InFIG. 17, the first electrode pattern 110 (FIG. 11)
and the second electrode pattern 118 (FIG. 11) are both pro-
vided so as to enclose the sub pixels 114. The present inven-
tion is not limited to such a structure. The first electrode
pattern 110 (FIG. 11) and the second electrode pattern 118
(FIG. 11) may be provided so as to enclose pixels (display
unit formed of a plurality of sub pixels).

Embodiment 3

[0139] In this embodiment, an organic electroluminescent
display device having an input function in which the second
electrode pattern in the sensing unit has a different structure
from that in Embodiment 1 and Embodiment 2 will be
described.

(1) Structure of the Module

[0140] FIG. 18 shows a structure of a module of an organic
electroluminescent display device having an input function in
this embodiment. FIG. 19 is a schematic cross-sectional view
of the module shown in FIG. 18. The module in this embodi-
ment will be described with reference to FIG. 18 and FIG. 19.
The structure of the first substrate 104 is the same as that
described above in Embodiment 1 and will not be described
again.

[0141] The sensing unit 106 of the organic electrolumines-
cent display device includes the first electrode pattern 110 and
the second electrode pattern 1185. The first electrode pattern
110 and the second electrode pattern 1185 are both provided
in an inner area held between the first substrate 104 and the
second substrate 102.

[0142] The first electrode pattern 110 has substantially the
same structure as that in Embodiment 1. The second electrode
pattern 118 is provided at the same surface of the second
substrate 102 as the first electrode pattern 110, but has sub-
stantially the same structure as that in Embodiment 1 except
for this point.

[0143] The second substrate 102 includes the first terminal
portion 130 electrically connected to the first electrode pat-
tern 110 and the second terminal portion 132 electrically
connected to the second electrode pattern 1185 in the same
surface. The first electrode pattern 110 and the first terminal
portion 130 are connected to each other by the first lines 126.
The second electrode pattern 1185 and the second terminal
portion 132 are connected to each other by the second lines
128. Since the first terminal portion 130 and the second ter-
minal portion 132 are provided in the same surface, these
terminal portions can be close to each other. With such an
arrangement, one FPC can be used commonly for the terminal
portions 130 and 132.

(2) Details of the Display Pixel Area

[0144] With reference to FIG. 20, a structure of the pixel
area of the organic electroluminescent display device in this
embodiment will be described.

[0145] The second electrode pattern 1185 is provided so as
not to be in contact with the first electrode pattern 110 at the
surface of the second substrate 104 facing the first substrate
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102. Namely, the second electrode pattern 1185 is provided to
overlap the first electrode pattern 110 while having an insu-
lating layer therebetween.

[0146] As shown in, for example, FIG. 20, the overcoat
layer 188 formed of an insulating material may be provided
between the second electrode pattern 1185 and the first elec-
trode pattern 110, so that the second electrode pattern 1185
and the first electrode pattern 110 are not in direct contact
with each other. In addition to the overcoat layer 188, the
color filter layers 186 and/or the light shielding layer 184 may
be provided between the first electrode pattern 110 and the
second electrode pattern 1185. In this case, the light shielding
layer 184 is preferably formed of an insulating layer so as not
to be conductive with the second electrode pattern 1185.
[0147] As described above, the overcoat layer 118 and the
color filter layers 186 are provided between the first electrode
pattern 110 and the second electrode pattern 1185. Owing to
this, shortcircuit, which would otherwise occur between the
first electrode pattern 110 and the second electrode pattern
1185, can be prevented.

[0148] FIG. 21 shows a structure including the protection
film 182 provided in contact with the second electrode pattern
118b. In the case where, for example, the light shielding layer
184 is formed of a conductive metal material, provision of the
protection film 182 can prevent the second electrode pattern
1185 from being conductive with the light shielding layer
184.

[0149] The second electrode pattern 1185 is formed of a
transparent conductive material. The second electrode pattern
1185 and the first electrode pattern 110 overlapping each
other have substantially the same planar structure as that
shown in FIG. 5. Therefore, the effects of suppressing the
color mixture and the increasing the light utilization factor are
also provided as in Embodiment 1.

[0150] In this embodiment, the first electrode pattern 110
and the second electrode pattern 1185 are provided in the
inner area of the panel (as held between the first substrate 104
and the second substrate 102) while having the insulating
layer therebetween. This structure can decrease the thickness
or the size of the organic electroluminescent display device.
In addition, the second electrode pattern 1185 is not exposed
over the outer surface of the panel. Therefore, the second
electrode pattern 11854 is protected against damage or dete-
rioration, and thus the reliability is improved.

[0151] In this embodiment, the first electrode pattern is
provided closer to the first substrate and the second electrode
pattern is provided closer to the second substrate while having
the insulating layer therebetween. Alternatively, the positions
of the first electrode pattern and the second electrode pattern
may be replaced with each other.

Embodiment 4

[0152] In this embodiment, an organic electroluminescent
display device having an input function in which the second
electrode pattern in the sensing unit has a different structure
from that in Embodiment 3 will be described.

(1) Structure of the Module

[0153] FIG. 22 shows a structure of a module of an organic
electroluminescent display device having an input function in
this embodiment. FIG. 23 is a schematic cross-sectional view
of the module shown in FIG. 22. The module in this embodi-
ment will be described with reference to FIG. 22 and FIG. 23.
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The structure of the first substrate 104 is the same as that
described above in Embodiment 1 and will not be described
again.

[0154] The sensing unit 106 of the organic electrolumines-
cent display device includes the first electrode pattern 110 and
the second electrode pattern 118. The first electrode pattern
110 and the second electrode pattern 118 are both provided in
the inner area held between the first substrate 104 and the
second substrate 102.

[0155] The first electrode pattern 110 has substantially the
same structure as that in Embodiment 1. The second electrode
pattern 118 has substantially the same structure as that in
Embodiment 2. The first electrode pattern 110 and the second
electrode pattern 118 overlapping each other have substan-
tially the same planar structure as that shown in FIG. 13. The
first electrode pattern 110 and the second electrode pattern
118 are provided so as to enclose the sub pixels.

[0156] In the organic electroluminescent display device
shown in FIG. 22, the second electrode pattern 118 is formed
of ametal material, and therefore the second lines 128 and the
second terminal portion 132 can also be formed of a metal
material. Therefore, the second terminal portion 132 can be
located close to the first terminal portion 130. With such an
arrangement, one FPC can be used commonly for the terminal
portions 130 and 132. Therefore, the number of the FPCs
required for the module can be decreased.

(2) Details of the Display Pixel Area

[0157] With reference to FIG. 24, a structure of the pixel
area of the organic electroluminescent display device in this
embodiment will be described. Embodiment 4 is different
from Embodiment 3 in the structure of the second electrode
pattern 118. Therefore, the second electrode pattern 118 will
be described below.

[0158] The second electrode pattern 118 is formed of a
metal material such as, for example, titanium (Ti), tungsten
(W), molybdenum (Mo) or the like as a conductive material
having a low reflectance. The second electrode pattern 118
shown in FIG. 24 has substantially the same planar structure
as that shown in FIG. 10A or FIG. 10B. The insulating layer
is provided between the second electrode pattern 118 and the
first electrode pattern 110. The insulating layer may be pro-
vided only for insulating the second electrode pattern 118 and
the second electrode pattern 110 from each other, or may also
act as the overcoat layer 188. The color filter layers 186 or the
light shielding layer 184 may also be provided between the
second electrode pattern 118 and the second electrode pattern
110.

[0159] FIG. 25 shows a structure including the protection
film 182 provided to be in contact with the second electrode
pattern 118. In the case where, for example, the light shield-
ing layer 184 is formed of a conductive metal material, pro-
vision of the protection film 182 can prevent the second
electrode pattern 118 from being conductive with the light
shielding layer 184.

[0160] The second electrode pattern 118 is formed of a
transparent conductive material. The second electrode pattern
118 and the first electrode pattern 110 overlapping each other
have substantially the same planar structure as that shown in
FIG. 13. Therefore, the effects of suppressing the color mix-
ture and the increasing the light utilization factor are also
provided as in Embodiment 2.

[0161] In this embodiment, the first electrode pattern 110
and the second electrode pattern 118 are provided in the inner
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area of the panel (as being held between the first substrate 104
and the second substrate 102) while having the insulating
layer therebetween. This structure can decrease the thickness
or the size of the organic electroluminescent display device.
In addition, the second electrode pattern 118 is not exposed
over the outer surface of the panel. Therefore, the second
electrode pattern 118 is protected against damage or deterio-
ration, and thus the reliability is improved. Since the second
electrode pattern 118 is provided so as to enclose the pixel
electrodes like the first electrode pattern 110, the light leaks
are prevented, and image quality deterioration, which would
be caused by the inter-sub pixel color mixture, can be pre-
vented.

Embodiment 5

[0162] In this embodiment, an organic electroluminescent
display device having an input function in which the first
electrode pattern and the second electrode pattern in the sens-
ing unit are both provided in the inner area between the first
substrate and the second substrate and the lines connected to
the electrode patterns have a different structure from that in
the above embodiments will be described.

[0163] FIG. 26 shows a structure of a module of an organic
electroluminescent display device having an input function in
this embodiment. FIG. 27 is a schematic cross-sectional view
of the module shown in FIG. 26. The module in this embodi-
ment will be described with reference to FIG. 26 and FIG. 27.
The structure of the first substrate 104 is the same as that
described above in Embodiment 1 and will not be described
again. The details of the first electrode pattern 110 and the
second electrode pattern 1185 are substantially the same as
those in Embodiment 1 and will not be described again.

[0164] As shown in FIG. 26, the first electrode pattern 110
and the second electrode pattern 1185 are both provided at the
same surface of the second substrate 102 (surface facing the
first substrate 104). The first lines 126 and the second lines
1285 are located to be drawn to an end area of the second
substrate 102. The first terminal portion 130 and the second
terminal portion 132 having a contact with the first substrate
104 are provided in the end area of the second substrate 102.

[0165] The first terminal portion 130 and the second termi-
nal portion 132 are connected by a connection electrode 142
to predetermined lines provided over the first substrate 104.
The first terminal portion 130 and the second terminal portion
132 are connected to a third terminal portion 134 by the lines
in the first substrate 104. Owing to such a structure, the first
electrode pattern 110, the second electrode pattern 1185, and
the connection terminals with an external circuit are all con-
nected to the third terminal portion 134. Therefore, merely
one FPC is needed for connection with the external circuit,
which can decrease the size of the display panel.

[0166] In FIG. 26, the first terminal portion 130 and the
second terminal portion 132 are provided in the end area close
to the third terminal portion 134 provided in the first substrate
104. The first terminal portion 130 and the second terminal
portion 132 are not limited to being located in such an area,
and may be provided in any area where the first terminal
portion 130 and the second terminal portion 132 can contact
the first substrate 104 easily. It should be noted that in the case
where the first terminal portion 130 and the second terminal
portion 132 are provided in an end area close to the third
terminal portion 134, the length of the lines required to be
drawn in the first substrate 104 can be shortened.
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[0167] FIG. 28 shows an organic electroluminescent dis-
play device in which the lines connected to the electrode
patterns have a different structure from that in the above
embodiments, and FIG. 29 is a schematic cross-sectional
view thereof. The first electrode pattern 110 and the second
electrode pattern 118 are substantially the same as those in
Embodiment 2, and will not be described in detail.

[0168] In the structure shown in FIG. 28 and FIG. 29,
output terminals of the first electrode pattern 110 and the
second electrode pattern 118 can be located in the inner area
of the panel. Therefore, the number of flexible printed circuit
boards required for forming a module can be decreased. This
can decrease the size of the organic electroluminescent dis-
play device.

[0169] As described so far, a display device in an embodi-
ment according to the present invention is applicable to any of
various electronic devices that require a graphical user inter-
face. The display device in an embodiment according to the
present invention is applicable for, for example, computer
devices and mobile electronic devices which are operated by
a touch over an image over the display screen, and also
electronic devices for special purposes including TVs, image
monitors, information panels, digital signage, ticket vending
machines, cash dispensers and the like.

What is claimed is:

1. A display device comprising:

a first substrate having a pixel area including a plurality of

pixels; and

a second substrate facing the first substrate and having a

sensing unit including a first electrode pattern and a
second electrode pattern which is separated from the
first electrode pattern,

wherein the pixel area and the first electrode pattern face

each other,

the first electrode pattern includes a plurality of first elec-

trodes running in a first direction and a plurality of first
inter-electrode patterns running in a second direction
intersecting the first direction,

a part of the second electrode pattern is running in a third

direction intersecting the first direction, and

an entirety of each of the first inter-electrode patterns is

located between two of the first electrodes which are
adjacent to each other and separated from at least one
side of the two of the first electrodes.

2. The display device according to claim 1, wherein the
second direction and the third direction is a same direction.

3. The display device according to claim 1, wherein the
pixel area includes a border between the pixels, and

the first electrodes overlaps the border.

4. The display device according to claim 1, wherein two of
the first inter-electrode patterns which are adjacent to each
other and the two of the first electrodes enclose at least one of
the pixels.

5. The display device according to claim 1, wherein each of
the first electrodes has a top surface, bottom surface, and a
side surface between the top surface and the bottom surface,

the top surface is located at an opposite side of the bottom

surface from the first substrate and larger than the bot-
tom surface, and

the side surface is inclined.

6. The display device according to claim 5, wherein the
side surface is a light-reflecting surface.

7. The display device according to claim 1, herein the first
electrode pattern has a plurality of first electrode blocks,
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a plurality of first lines is located on the second substrate,
each of the first lines corresponding to each of the first
electrode blocks,

each of the first electrode blocks includes at least two of the
first electrodes, and

the at least two of the first electrodes are connected to one
of the first lines.

8. The display device according to claim 7, wherein the first
elect ode pattern includes a dummy pattern between two of
the first electrode blocks which are adjacent to each other.

9. The display device according to claim 1, wherein the
second electrode pattern includes planar shapes covering at
least two of the first electrodes and at least two of the first
inter-electrode patterns.

10. The display device according to claim 9, wherein the
second electrode pattern includes a plurality of second elec-
trodes and a plurality of second inter-electrode patterns,

each of the second electrodes has each of the planar shapes,

at least two of the second electrodes is arranged along the
third direction and connected to a second line, and

the second line is located between two of the second inter-
electrode patterns which is adjacent to each other.

11. The display device according to claim 1, wherein the
second electrode pattern includes a plurality of second elec-
trodes running in the third direction and a plurality of second
inter-electrode patterns running in the first direction, and

an entirety of each of the second inter-electrode patterns
are located between two of the second electrodes which
are adjacent to each other and separated from at least one
side of the two of the second electrodes.

12. The display device according to claim 11, wherein the

second electrode pattern has second electrode blocks,

a plurality of second lines is located on the second sub-
strate, each of the second lines corresponding to each of
the second electrode blocks,

each of the second electrode blocks includes at least two of
the second electrodes, and

the at least two of the second electrodes are connected to
one of the second lines.

13. The display device according to claim 12, wherein the
second electrode pattern includes a dummy pattern between
two of the second electrode blocks which are adjacent to each
other.

14. The display device according to claim 11, wherein two
of the second inter-electrode patterns which are adjacent to
each other and the two of the second electrodes enclose at
least one of the pixels.
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15. The display device according to claim 1, wherein each
of the first inter-electrode patterns is separated from one of the
two of the first electrodes and is in contact with an other of the
two of the first electrodes.

16. The display device according to claim 1, wherein the
first electrode pattern and the second electrode pattern have
substantially the same pattern, and

the first electrodes overlap the part of the second electrode
pattern.

17. The display device according to claim 1, wherein the
first electrode pattern and the second electrode pattern are
located on a surface ofthe second substrate, the surface facing
the first substrate.

18. A display device comprising:

a first substrate having a pixel area including a plurality of
pixels and a partition layer demarcating the pixels, each
of the pixels including a pixel electrode, a light emitting
layer, and a counter electrode; and

a second substrate facing the first substrate and having a
sensing unit including a first electrode pattern and a
second electrode pattern which is separated from the
first electrode pattern,

wherein the pixel area and the first electrode pattern face
each other,

the first electrode pattern includes a plurality of first elec-
trodes running in a first direction and a plurality of first
inter-electrode patterns running in a second direction
intersecting the first direction,

the first electrodes overlap the partition layer in a planar
view,

a part of the second electrode pattern is running in a third
direction intersecting the first direction, and

an entirety of each of the first inter-electrode patterns is
located between two of the first electrodes which are
adjacent to each other and separated from at least one
side of the two of the first electrodes.

19. The display device according to claim 18, wherein the
first inter-electrode patterns overlap the partition layer in a
planar view.

20. The display device according to claim 18, wherein two
of the first inter-electrode patterns which are adjacent to each
other and the two of the first electrodes enclose at least one of
the pixels.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A
RAAN
IPCH %S

CPCH¥S

L5
H 2T SR
S\ EREERE

BEGF)

—HANSHAXEREE  GF  H-ER, BARERE , AR
ERHIESMEE  SIERRS I TRELAEE  SFETR
TN EHREARSBE | Es BEEESTRENALBS.
FREE-BREABNET , FBBN L TDEE— 170 LR
- RERNESTE— B RXIWHE LERNE=SRER
3 BFHAE —BMBRAMAE = SRERFUTEMBEE, B8 .
RERELASHBEER  UaHFRE. SFEBNETFNE— R R ™
BREROETEE , B XHRIRSH T EE ] = e

patsnap
SERMATENENBEREARETREE

US20160225831A1 NI (»&E)B 2016-08-04

US15/093045 RiEH 2016-04-07

KA BAERER

HZAERINC.

HZAERINC.

ITO RYOICHI

ITO, RYOICHI

HO1L27/32 GO6F3/044 GO6F3/041 HO1L51/52

HO1L27/323 HO1L27/3279 GO6F3/0412 HO1L51/5271 HO1L27/3223 HO1L27/3246 H01L27/3272 GO6F3
/044

2013188128 2013-09-11 JP

US9666648

Espacenet USPTO

C\ T —
160162164 148
160 162164

14
\ 44r 144g 144 |

[


https://share-analytics.zhihuiya.com/view/96a7247b-2701-485f-a674-41aeba56c97a
https://worldwide.espacenet.com/patent/search/family/052624650/publication/US2016225831A1?q=US2016225831A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160225831%22.PGNR.&OS=DN/20160225831&RS=DN/20160225831

